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INTRODUCTION 


The rapid advance in high-tech digital processing creates new demands for microprocessor-compatible circuits 
that can sense, amplify, and convert analog signals or provide regulated power to a system. In this volume, 
Texas Instruments presents specifications and technical information on our broad line of integrated circuits 
designed for applications that involve analog signal conditioning. That product line includes: 

• Operational amplifiers 

• Voltage comparators 

• Regulators 

• Power supply monitors 

• Switching-mode power supply circuits 

• Hall-effect circuits 

• Current mirrors 

• Floppy-disk circuits for control, reading, or writing 

• Timers 

• A/D converters 

• Video amplifiers 

• Analog switches 

These circuits span the recent rapid development of integrated circuit technology from classical bipolar through 
BIFET™ and BIDFET™ to Tl's new LinCMOS™ processing that provides a step-function improvement in input 
impedance, power dissipation, and threshold stability. New surface-mount packages include both plastic and 
ceramic chip carriers and the small-outline packages that increase board density with little impact on power 
handling capability. 

Ordering information and mechanical data are in the Appendix. Section 1 contains an alphanumeric index that 
lists page numbers for all the device types included, and each data sheet section provides a functional selection 
guide to the devices in that section. 

While this volume offers design and specification data only for Linear components, complete technical data 
for any Tl semiconductor product is available from: 

Texas Instruments 
Literature Response Center 
P.O. Box 401560 
Dallas, Texas 75240 

If you need sales assistance with any Tl semiconductor products, please contact your nearest Tl field sales 
office or Tl authorized distributor. A listing can be found at the back of this data book. 


Texas Instruments 
Customer Response Center 
(214) 995-6611 
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THERMAL INFORMATION 


THERMAL RESISTANCE 


PACKAGE 

PINS 

JUNCTION-TO-CASE 

THERMAL RESISTANCE 

R 0JC< °C/W) 

JUNCTION-TO-AMBIENT 

THERMAL RESISTANCE 
R0j A (°C/W) 

D plastic dual-in-line 

8 

51 

172 

14, 16 

33 

r ' 131 

FH ceramic chip carrier 

00 

CM 

o 

CM 

35 

104 

FK ceramic chip carrier 

20 

35 

91 

FN plastic chip carrier 

20 

37 

114 

J ceramic dual-in-line 

(glass-mounted chips) 

14 thru 20 

60 

122 

J ceramic dual-in-line^ 
(alloy-mounted chips) 

14 thru 20 

29 t 

91* 

JG ceramic dual-in-line 

(glass-mounted chips) 

8 

58 

151 

JG ceramic dual-in-line^ 
(alloy-mounted chips) 

8 

26 t 

1 19* 

LP plastic plug-in 

3 

40 

160 

LU plastic plug-in 

3 

40 

178 

N plastic dual-in-line 

1 4 thru 20 

72 

143 

28 

45 

100 

40 

40 

100 

P plastic dual-in-line 

8 

79 

172 

U ceramic flat 

10, 14 

55 

185 

W ceramic flat 

14, 16 

60 

125 


t In addition to those products so designated on their data sheets, all devices having a type number prefix of "SNC” or "SIMM,” or a 
suffix of '7883B” have alloy-mounted chips. 
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THERMAL INFORMATION 


PLASTIC PACKAGES 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 


DISSIPATION DERATING CURVE 
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THERMAL INFORMATION 


PLASTIC PACKAGES (CONTINUED) 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 


2 



25 30 35 40 45 50 55 60 65 70 75 80 85 

Ta— F ree-Air Temperature— °C 
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FLAT PACKAGES 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 



25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 
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THERMAL INFORMATION 


CERAMIC DUAL-IN-LINE PACKAGES 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 




25 50 75 100 125 

Ta— F ree-Air Temperature— °C 

1 1n addition to those products so designated on their data sheets, all devices having a type number prefix of "SIMC" or "SIMM", or a suffix 
of "/883B" have alloy-mounted chips. 
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SELECTION GUIDE 


OPERATIONAL AMPLIFIERS 


noncompensated, single 
military temperature range 


DEVICE 

NUMBER 


DESCRIPTION 


BIFET, Low Power 




Bt 

SR 

v IO 

>IB 

Avd 

(MHz) 

(V/ps) 

(mV) 

(nA) 

(V/mV) 

TYP 

TYP 

MAX 

MAX 

MIN 

3 

13 

6 

0.2 

25 


(values specified for Ta - 25 °C) 


(V) 

MIN MAX 

±3.5 ±18 


PACKAGES PAGE 



LM101A 


UA748M 


TL060M 


BIFET, Low Power 


1 3.5 6 0.2 4 


±1.5 ±18 


industrial temperature range 


DEVICE 

NUMBER 


DESCRIPTION 


TL070I BIFET, Low Noise 

TL080I BIFET, Low Power 

LM208 High Performance 


LM201A High Performance 


TL060I BIFET, Low Power 


(values specified for Ta 

__ SR V|() |, B Avd SUPPLY VOLTAGE 

(MHz) (V/jts) (mV) (nA) (V/mV) (V) PACKAGES 

TYP TYP MAX MAX MIN ' MIN MAX 

13 13 6 200 50 ±3.5 ±18 D,JG,P 


1 3.5 6 


±1.5 ±18 



commercial temperature range 


DEVICE 

NUMBER 


DESCRIPTION 


TL070AC BIFET, Low Noise 
TL070C BIFET, Low Noise 


TL080AC BIFET, Low Power 
TL080C BIFET, Low Power 


SR 

V | 0 

■IB 

V/fis) 

(mV) 

(nA) 

m mwmvmwTJXM i 

■Ell 

6 

1KB 

■Ell 

10 

1KB 



(values specified for Ta 


Avd SUPPLY VOLTAGE 
(V/mV) (V) 



±3.5 ±18 

±3.5 ±18 
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Operational Amplifiers 


SELECTION GUIDE 


internally compensated, single 

military temperature range (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

Bl 

(MHz) 

TYP 

SR 

(V/jts) 

TYP 

VlO 

(mV) 

MAX 

'IB 

(nA) 

MAX 

a vd 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

TL291M 

High Speed 

20 

50 




±4 

±18 

JG 

3-155 

SE5534 

High Performance 

10 

13 

2 

800 

50 

±3 

±20 

FH,FK,JG,U 

3-91 

SE5534A 

High Performance 

10 

13 

2 

800 

50 

±3 

±20 

FH,FK,JG,U 

3-91 

LM110 

Unity-Gain Voltage 

Follower 

10 

30 

4 

3 

1 

±5 

±18 

JG 

3-27 

TL081M 

BIFET, General Purpose 

3 

13 

6 

0.2 

25 

±4 

±18 

FH,FK,JG 

3-135 

TL088M 

BIFET, Low V| 0 

3 

13 

3 

0.4 

50 

±3.5 

±18 

JG,U 

3-145 

TL071M 

BIFET, Low Noise 

3 

13 

6 

0.2 

35 

±5 

±18 

FH,FK,JG 

3-125 

TLC271 AM 

LinCMOS, Programmable 

2.3 

4.5 

5 

0.001 Typ 

10 

4 

16 

FH,FK,JG 

3-165 

TLC271BM 

LinCMOS, Programmable 

2.3 

4.5 

2 

0.001 Typ 

10 

4 

16 

FH,FK,JG 

3-165 

TLC271M 

LinCMOS, Programmable 

2.3 

4.5 

10 

0.001 Typ 

10 

4 

16 

FH,FK,JG 

3-165 

TLC277M 

LinCMOS, High Bias 

2.3 

4.5 

0.5 

0.001 Typ 

10 

4 

16 

FH,FK,JG 

3-201 

uA741M 

General Purpose 

1 

0.5 

5 

500 

50 

±2 

±22 

FH,FK,J,JG,U 

3-223 

LM107 

High Performance 

1 

0.5 

2 

75 

50 

±2 

±22 

J,JG,U,W 

3-21 

TL061M 

BIFET, Low Power 

1 

3.5 

6 

0.2 

4 

±1.5 

±18 

FH,FK,JG,U 

3-103 

TL066M 

BIFET, Adjustable 

Low-Power 

1 

3.5 

6 

0.2 

4 

i 

±1.2 

±18 

FH,FK,JG 

3-113 

OP-01 2A 

Precision Low-Input 

Current 

0.8 

0.12 

0.15 

2 

80 

±5 

±20 

JG 

3-71 

OP-01 2B 

Precision Low-Input 

Current 

0.8 

0.12 

0.3 

2 

80 

±5 

±20 

JG 

3-71 

0P-01 2C 

Precision Low-Input 

Current 

0.8 

0.12 

1 

5 

40 

±5 

±20 

JG 

3-71 

TLC27M7M 

LinCMOS, Programmable 

0.7 

0.6 

0.5 

0.001 Typ 

20 

4 

16 

FH,FK,JG 

3-201 

TL321M 

High Performance 

0.6 

0.3 

5 

-150 

50 

3 

30 

FH,FK,JG 

3-157 

uA702M 

General Purpose 

0.5 

11 

2 

500 

6000 

6 

14 

JG,U 

3-201 

-3 

-7 

TLC27L7M 

LinCMOS, Programmable 

0.1 

0.04 

0.5 

0.001 Typ 

30 

4 

16 

FH,FK,JG 

3-201 


automotive temperature range (values specified for Ta = 25°C) 


DEVICE 

NUMBER 

DESCRIPTION 

Bl 

(MHz) 

TYP 

SR 

[Mhi s) 

TYP 

V | 0 

(mV) 

MAX 

>IB 

(nA) 

MAX 

A VD 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

LM218 

High Performance 

15 

70 

4 

250 

50 

±5 

±20 

D,JG,P 

3-43 

TLC271AI 

LinCMOS, Programmable 

2.3 

4.5 

5 

0.001 Typ 

7 

3 

16 

D,JG,P 

3-165 

TLC271BI 

LinCMOS, Programmable 

2.3 

4.5 

2 

0.001 TYP 

7 

3 

16 

D,JG,P 

3-165 

BSsEQH 


2.3 

4.5 

10 

0.001 Typ 

7 

3 

16 

D,JG,P 


EES® 

LinCMOS, Programmable 


mm 



10 

3 

16 

D,JG,P 


LM207 

High Performance 


0.5 

2 

75 

50 

±2 

±22 





KB 

0.6 

0.5 


20 

3 

16 

D,JG,P 

■CMIH 

TLC27L7I 

LinCMOS, Low Bias 

0.1 

0.04 

mm 


30 

3 

16 

D,JG,P 


TLC261AI 

LinCMOS, Programmable 


12 




2 

16 

D,JG,P 

BB 

TLC261BI 

LinCMOS, Programmable 



2 



2 

16 

D,JG,P 


TLC261I 

LinCMOS, Programmable 



10 



2 

16 

D,JG,P 

mm3 
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SELECTION GUIDE 


internally compensated, single 


industrial temperature range (values specified for Ta = 25°C) 


DEVICE 

NUMBER 

DESCRIPTION 

B| 

(MHz) 

TYP 

SR 

(V//iS) 

TYP 

VlO 

(mV) 

MAX 

■IB 

(nA) 

MAX 

a VD 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

TL087I 

BIFET, Low Offset 

25 

13 

0.5 

0.2 

50 

±4 

±18 

D,JG,P 

3-145 

LM210 

Unity-gain Voltage 

Follower 

20 

30 

4 



m 

±18 



TL071I 

BIFET, Low Noise 

3 

13 

6 

0.2 

50 


±18 

D,JG,P 

jclwa 

TL081I 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

±3.5 

±18 

JG,P 


TL088I 

BIFET, Low V|Q 

3 

■01 

1 

0.2 

50 

±4 

±18 

D,JG,P 




1 




4 

±1.2 

±18 



TL061I 

BIFET, Low Power 

1 

3.5 

6 

0.2 

4 

±1.5 

±18 

D,JG,P 

3-103 

TL321I 

High Performance 

0.6 

0.3 

5 

-150 

50 

3 

30 

JG,P 

3-157 


commercial temperature range (values specified for Ta 30 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

B| 

(MHz) 

TYP 

SR 

(V//ts) 

TYP 

v IO 

(mV) 

MAX 

■IB 

(nA) 

MAX 

a vd 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

LM310 

Unity-Gain Voltage 

Follower 

20 

30 

7.5 

7 


±5 

±18 

JG,P 

3-27 

TL291C 

High Speed 

20 

50 




±4 

±18 

JG,P 


LM318 

High Performance 

15 

70 

10 

250 

25 

± 5 

±20 

D,JG,P 

EEEH 

NE5534 

High Performance 

10 

6 

4 

1500 

25 

±3 

±20 

JG,P 

EOH 

NE5534A 

High Performance 


6 

4 

1500 

25 

±3 

±20 

JG,P 

3-91 

OP-227E 

Low Noise 

8 

MU 


±40 

800 



J,N 



Low Noise 

8 

2.8 


±55 

800 



J,N 



Low Noise 

8 

El 


±80 




J,N 

■cl 


BIFET, General Purpose 

3 

mm 


0.2 

50 

±5 

±18 

D,JG,P 

kieu 

TL071AC 

BIFET, Low Noise 

3 

El 

6 

0.2 

50 

±3.5 

±18 

D,JG,P 


TL071BC 

BIFET, Low Noise 

3 

■El 

3 

0.2 

50 

+ 3.5 

±18 

D,JG,P 

jgdt&PB 

TL071C 

BIFET, Low Noise 

3 

El 

10 

0.2 

25 

±3.5 

±18 

D,JG,P 


TL081AC 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

■a 

±18 

JG,P 


TL081BC 

BIFET, General Purpose 

3 

■El 

3 

0.2 

50 

mm 

±18 

JG,P 


TL081C 

BIFET, General Purpose 

3 

13 

15 

0.4 

25 

±3.5 

±18 

JG,P 


TL088C 

BIFET, Low V|0 

3 

■El 

1 

0.2 

50 

±4 

±18 

D,JG,P 

EMM 

TLC277C 

LinCMOS, High Bias 

2.3 

■El 

KOI 


10 Typ 

3 

16 

D,JG,P 

Wj&mm 

uA741C 

General Purpose 

1 

0.5 

6 

500 

20 

±2 

±18 

D,JG,P 

KTOHB 

LM307 

High Performance 

1 

EEfl 

mm 

250 

25 

±2 

±18 

D,J,JG,N,P,W 

MclElM 

TL061AC 

BIFET, Low Power 

1 

bbcti 

6 

0.2 

4 

±1.5 

±18 

D,JG,P 

HEEi 

TL061BC 

BIFET, Low Power 

1 

KOI 

3 

0.2 

4 

±1.5 

±18 

D,JG,P 

BEi 

TL061C 

BIFET, Low Power 

1 

3.5 

15 

0.2 

3 

±1.5 

±18 

D,JG,P 

003 

TL066AC 

BIFET, Adjustable 

Low-Power 

1 

3.5 

6 

0.2 

4 

±1.2 

±18 



TL066BC 

BIFET, Adjustable 

Low-Power 

1 

II 

3 

0.2 

4 

±1.2 

±18 


3-113 

TL066C 

BIFET, Adjustable 

Low-Power 

1 



0.4 

3 

±1.2 

±18 


3-113 

TL068C 

BIFET, Buffer 

1 


15 

0.4 


±1.5 

18 

LP 

EIOII 
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Operational Amplifiers 


SELECTION GUIDE 


internally compensated, single 


commercial temperature range (continued) (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

B| 

(MHz) 

TYP 

SR 

(V/ M s) 

TYP 

V|0 

(mV) 

MAX 

hB 

(nA) 

MAX 

a vd 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 


MIN 

MAX 

TLC251AC 

LinCMOS, Programmable 

0.7 

0.6 

5 

0.001 Typ 

10 Typ 

1 

16 

D,JG,P 


TLC251BC 

LinCMOS, Programmable 

0.7 

0.04 

2 

0.001 Typ 

10 Typ 

1 

16 

D,JG,P 


TLC251C 

LinCMOS, Programmable 

0.7 

0.04 

10 



1 

16 

D,JG,P 

mssm 

TLC271AC 

LinCMOS, Programmable 

0.7 

0.04 

5 



3 

16 

D,JG,P 


TLC271BC 

LinCMOS, Programmable 

0.7 

0.04 

3 

0.001 Typ 

10 Typ 

3 

16 

D,JG,P 


TLC271C 

LinCMOS, Programmable 

0.7 

0.04 

10 

0.001 Typ 

10 Typ 

3 

16 

D,JG,P 

mmm 

TLC27M7C 

LinCMOS, Medium Bias 

0.7 

0.6 


0.001 Typ 

20 

3 

16 

D,JG,P 

IKK8H 

UA714C 

Ultra-Low Offset Voltage 

0.6 

0.17 


±7 

100 

±3 

±18 

JG,P 


UA714E 

Ultra-Low Offset Voltage 

0.6 

0.17 


±4 

200 

±3 

±18 

JG,P 

ebb 

uA714L 

Ultra-Low Offset Voltage 

0.6 

0.17 

USB 

±30 

50 

±3 

±18 

JG,P 


TL321C 

High Performance 

0.6 

0.3 

* 

-250 

25 

3 

30 

JG,P 

beb 

OP-07C 

Ultra-Low Offset 

0.6 

0.3 


±7 

100 

±3 

±18 

JG,P 


OP-07D 

Ultra-Low Offset 

0.6 

0.3 


±12 

400 Typ 

±3 

±18 

JG,P 


OP-07E 

Ultra-Low Offset 

0.6 

0.3 


+ 4 

150 

±3 

±18 

JG,P 

BE 

OP-12E 

Precision Low-Input 

Current 

0.2 

0.12 


2 

80 

±5 

±20 

D,JG,P 

mm 

OP-12F 

Precision Low-Input 

Current 

0.2 

0.12 

0.3 

2 

80 

±5 

±20 

D,JG,P 

3-71 

OP-12G 

Precision Low-Input 

Current 

0.2 

0.12 

1 

5 

40 

±5 

±20 

D,JG,P 

3-71 

TLC27L7C 

LinCMOS, Low Bias 

0.1 

0.04 

0.5 

0.001 Typ 

30 

3 

16 

D,JG,P 
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SELECTION GUIDE 



internally compensated, dual 
military temperature range 


(values specified for Ta 


DEVICE 

NUMBER 

TL292M 

RM4558 

TL072M 

TL082M 


TL083M 


TL088M 

TL288M 

TLC272AM 


TLC272BM 


DESCRIPTION 

High Frequency 

High Performance 

BIFET, Low Noise 

BIFET, General Purpose 


BIFET, General Purpose 


BIFET, General Purpose 
BIFET, General Purpose 
LinCMOS, High Bias 


LinCMOS, High Bias 


B| 

SR 

V|0 

■lB 

a vd 

(MHz) 

(V//ts) 

(mV) 

<nA) 

(V/mV) 

TYP 

TYP 

MAX 

MAX 

MIN 



20 

50 





SUPPLY VOLTAGE 

(V) 

MIN I MAX 


MAX 

PACKAGES 


JG 

±22 

JG 

±18 

FH,FK,JG 

±18 

FH,FK,JG 




1 0.001 Typ 

10 


30 

0.001 Typ 

30 

IsQgHj 

yp 

30 


yp 

20 


yp 

20 


yp 

20 



50 


16 

FH,FK,JG 

3-175 

16 

FH,FK,JG 

3-175 

16 

FH,FK,JG 

3-175 

16 

FH,FK,JG 

3-175 

±22 

FH,FK,JG,U 

3-53 

±18 

JG 

3-161 

±18 

FH,FK,JG,U 

3-103 

30 

FH,FK,JG,U 

3-36 

±22 

U 

3-95 
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Operational Amplifiers 


SELECTION GUIDE 


internally compensated, dual 


automotive temperature range (values specified for T/v - 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

B| 

(MHz) 

TYP 

SR 

(V/#» s) 

TYP 

V|0 

(mV) 

MAX 

Mb 

(nA) 

MAX 

Avd 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

LM2904 

High Gain 

5 

1 

7 

-250 

100 Typ 

±3 

±26 

D,JG,P,U 

3-36 

RV4558 

High Performance 

3 

1.7 

6 

500 

50 

±5 

±18 

D,JG,P 

3-87 



EBB 

KOI 

5 

0.002 Typ 

10 

3 

16 

D,JG,P 

bde 

IB3S2SB 

LinCMOS, High Bias 


mm 

Mm 


10 

3 

16 

D,JG,P 


TLC272I 

LinCMOS, High Bias 

ESI 

Km 

mm 


10 

3 

16 

D,JG,P 


TLC27L2AI 

LinCMOS, Low Bias 

HI 

4.5 

5 

0.002 Typ 

30 

3 

16 



TLC27L2BI 

i™bee™ 

2.3 

4.5 

2 


30 

3 

16 

D,JG,P 


TLC27L2I 

sum 

HESS 

4.5 

mm 


30 

3 

16 

D,JG,P 


TLC27M2AI 

LinCMOS, Medium Bias 


4.5 

5 



3 

16 

D,JG,P 

ETON 

TLC27M2BI 

LinCMOS, Medium Bias 


mm 

2 


20 

3 

16 

D,JG,P 

ESE23 

TLC27M2I 

LinCMOS, Medium Bias 

2.3 

4.5 

10 

0.002 Typ 

20 

3 

16 

D,JG,P 

3-175 

TL322I 

Low Power 

1 

0.6 

8 

0.5 

20 

±1.5 

±18 

D,JG,P 

3-157 


industrial temperature range (values specified for Ta " 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

Bl 

(MHz) 

TYP 

SR 

(V/ps) 

TYP 

V| 0 

(mV) 

MAX 

■lB 

(nA) 

MAX 

a V d 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

TL072I 

BIFET, Low Noise 

3 

13 

6 

0.2 

50 

±3.5 

±18 

D,JG,P 

3-125 

TL082I 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

±3.5 

±18 

JG,P 

3-135 

TL083I 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

±3.5 

±18 

J,N 

3-135 

TL287I 

BIFET, General Purpose 

3 

13 

0.5 

0.2 

50 

±3.5 

±18 

D,JG,P 

3-145 

TL288I 

BIFET, General Purpose 

3 

13 

0.5 

0.2 

50 

±3.5 

±18 

D,JG,P 

3-145 

TL062I 

BIFET, Low Power 

1 

3.5 

6 

0.2 

4 

±1.5 

±18 

D,JG,P 

3-103 

LM258 

High Gain 

0.6 


5 

-150 

50 

3 

30 

D,JG,P,U 

3-36 

LM258A 

High Gain 

0.6 


3 

-80 

50 

3 

30 

D,JG,P,U 

3-36 

TLC262AI 

LinCMOS, Programmable 


12 

5 

0.001 Typ 


2 

16 

D,JG,P 

3-199 

TLC262BI 

LinCMOS, Programmable 


12 

2 

0.001 Typ 


2 

16 

D,JG,P 

3-199 

TLC262I 

LinCMOS, Programmable 


12 

10 

0.001 Typ 


2 

16 

D,JG,P 

3-199 
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SELECTION GUIDE 


internally compensated, dual 


commercial temperature range (values specified for Ta * 25°C) 


DEVICE 

DESCRIPTION 

Bl 

(MHz) 

SR 

(V/ M s) 

V|0 

(mV) 

'IB 

(nA) 

AVD 

(V/mV) 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 



TYP 

TYP 

MAX 

MAX 

MIN 

MIN 

MAX 



TL292C 

High Frequency 

20 

50 




±4 

±18 

JG,P 

3-155 

NE5532 

Low Noise 

10 

9 

4 

800 

15 

±3 

±20 

JG,P 

3-63 

NE5532A 

Low Noise 

10 

9 

4 

800 

15 

±3 

±20 

JG,P 

3-63 

RC4559 

High Performance 

4 

2 

6 

250 

20 


±18 

D,P 

3-101 

RC4558 

High Performance 

3.5 

1.7 

5 

500 

50 


±18 

D,JG, P 

3-103 

TL072AC 

BIFET, Low Noise 

3 

13 

6 

0.2 

50 

±3.5 

±18 

D,JG,P 

3-145 

TL072BC 

BIFET, Low Noise 

3 

13 

3 

0.2 

50 

±3.5 

±18 

D,JG,P 

3-145 

TL072C 

BIFET, Low Noise 

3 

13 

10 

0.2 

25 

±3.5 

±18 

D,JG,P 

3-145 

TL082AC 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

±3.5 

±18 

JG,P 

3-155 

TL082BC 

BIFET, General Purpose 

3 

mm 

3 

0.2 

50 

±3.5 

±18 

JG,P 

3-155 

TL082C 

BIFET, General Purpose 

3 

mm 

15 

0.4 

25 

±3.5 

±18 

JG,P 

3-155 

TL083AC 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

±3.5 

±18 

J,N 

3-155 

TL083C 

BIFET, General Purpose 

3 

13 

15 

0.4 

25 

±3.5 

±18 

J,N 

3-155 

TL287C 

BIFET, General Purpose 

3 

13 

0.5 

0.2 

50 

±3.5 

±18 

D,JG,P 

3-155 

TL288C 

BIFET, General Purpose 

3 

13 

0.5 

0.2 

50 

±3.5 

±18 

D,JG,P 

3-155 

TLC252AC 

LinCMOS, High Bias 

2.3 

4.5 

5 

0.001 Typ 

10 

1 

16 

D,JG,P 

3-175 

TLC252BC 

LinCMOS, High Bias 

2.3 

4.5 

2 

0.001 Typ 

10 

1 

16 

D,JG,P 

3-175 

TLC252C 

LinCMOS, High Bias 

2.3 

4.5 

mm 

0.001 Typ 

10 

1 

16 

D,JG,P 

3-175 

TLC25L2AC 

LinCMOS, Low Bias 

2.3 

4.5 

5 

0.001 Typ 

30 

1 

16 

D,JG,P 

3-175 

TLC25L2BC 

LinCMOS, Low Bias 

2.3 

4.5 

2 

0.001 Typ 

30 

1 

16 

D,JG,P 

3-175 

TLC25L2C 

LinCMOS, Low Bias 

WlM 

4.5 

KUS 

0.001 Typ 

30 

1 

16 

D,JG,P 

3-175 

TLC25M2AC 

LinCMOS, Medium Bias 


4.5 

5 

0.001 Typ 

20 

1 

16 

D,JG,P 

3-175 

TLC25M2BC 

LinCMOS, Medium Bias 



2 

0.001 Typ 

20 

1 

16 

D,JG,P 

3-175 

TLC25M2C 

LinCMOS, Medium Bias 


4.5 

10 

0.001 Typ 

20 

1 

16 

D,JG,P 

3-175 

TLC272AC 

LinCMOS, High Bias 

1 BtPM 

4.5 

5 

0.001 Typ 

10 

3 

16 

D,JG,P 

3-175 

TLC272BC 

LinCMOS, High Bias 




0.001 Typ 

10 

3 

16 

D,JG,P 

3-175 

TLC272C 

LinCMOS, High Bias 


4.5 

10 

0.001 Typ 

10 

3 

16 

D,JG,P 

3-175 

TLC27L2AC 

LinCMOS, Low Bias 


4.5 

5 

0.001 Typ 

20 

3 

16 

D,JG,P 

3-175 

TLC27L2BC 

LinCMOS, Low Bias 


4.5 

2 

0.001 Typ 

20 

3 

16 

D,JG,P 

3-175 

TLC27L2C 

LinCMOS, Low Bias 


4.5 

10 

0.001 Typ 

20 

3 

16 

D,JG,P 

3-175 

TLC27M2AC 

LinCMOS, Medium Bias 


4.5 

5 

0.001 Typ 

20 

3 

16 

D,JG,P 

3-175 

TLC27M2BC 

LinCMOS, Medium Bias 

WrMcW 

4.5 

2 

0.001 Typ 

20 

3 

16 

D,JG,P 

3-175 

TLC27M2C 

LinCMOS, Medium Bias 


4.5 

10 

0.001 Typ 

20 

3 

16 

D,JG,P 

3-175 

MCI 458 

General Purpose 

1 

0.5 

6 


20 

±1.5 

±18 

D,JG,P,U 

3-53 

TL322C 

Low Power 

1 

0.6 

10 


20 

±1.5 

±18 

D,JG,P 

3-161 

TL062AC 

BIFET, Low Power 

1 


H9 

0.2 

4 

±1.2 

±18 

D,JG,P 

3-103 

TL062BC 

BIFET, Low Power 

1 


■ 

0.2 

4 

±1.2 

±18 

D,JG,P 

3-103 

TL062C 

BIFET, Low Power 

1 



0.2 

3 

±1.2 

±18 

D,JG,P 

3-103 

LM358 

High Gain 

0.6 


7 

-250 

25 

3 

30 

D,JG,P,U 

3-36 

LM358A 

High Gain 

0.6 


3 

-100 

25 

3 

30 

D,JG,P,U 

3-36 

TL022C 

Low Power 

0.5 

KZ3 

mm 

250 

60 

±2 

±18 

JG,P 

3-95 
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Operational Amplifiers 


SELECTION GUIDE 


internally compensated, quad 


military temperature range (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

Bl 

(MHz) 

SR 

(V/M s) 

V|0 

(mV) 

■IB 

(nA) 

AvD 

(V/mV) 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 


TYP 

TYP 

MAX 

MAX 

MIN 

MIN 

MAX 



TL294M 

High Frequency 

20 

50 




±4 

±18 

J 

3-155 

RM4136 

High Performance 

3.5 

1.7 

4 

400 

50 

±4 

±22 

FH,FK,J,W 

3-83 

TL074M 

BIFET, Low Noise 

3 

13 

9 

0.2 

35 

±3.5 

±18 

FH,FK,J,W 


TL084M 

BIFET, General Purpose 

3 

13 

9 

0.2 

25 

±3.5 

±18 

FH,FK,J,W 

3-135 

TLC274AM 

LinCMOS, High Bias 

2.3 

4.5 

5 

0.001 Typ 

10 

1 

16 

FH,FK,J 

3-187 

TLC274BM 

LinCMOS, High Bias 

2.3 

4.5 

2 

0.001 Typ 

10 

1 

16 

FH,FK,J 

3-187 

TLC274M 

LinCMOS, High Bias 

2.3 

4.5 

10 

0.001 Typ 

10 

1 

16 

FH,FK,J 

3-187 

LM148 

General Purpose 

1 

0.5 

5 

100 

50 


±22 

FH,FK,J 

3-33 

MC3503 

General Purpose 

1 

0.6 

5 

-500 

50 

±1.5 

±18 

J 

3-57 

TL064M 

BIFET, Low Power 

1 

3.5 

9 

0.2 

4 

±1.5 

±18 

FH,FK,J,W 

3-103 

TLC27M4AM 

LinCMOS, Medium Bias 

0.7 

0.6 

5 

0.001 Typ 

20 

1 

16 

FH,FK,J 

3-187 

TLC27M4BM 

LinCMOS, Medium Bias 

0.7 

0.6 

2 

0.001 Typ 

20 

1 

16 

FH,FK,J 

3-187 

TLC27M4M 

LinCMOS, Medium Bias 

0.7 

0.6 

10 

0.001 Typ 

20 

1 

16 

FH,FK,J 

3-187 

LM124 

General Purpose 

0.6 

0.5 

5 

- 150 

50 

3 

30 

FH,FK,J,W 

3-29 

TL044M 

Low Power 

0.5 

0.5 

5 

100 

72 

±2 

±22 

FH,FK,J,W 

3-99 

TLC27L4AM 

LinCMOS, Low Bias 

0.1 

0.04 

5 

0.001 Typ 

30 

1 

16 

FH,FK,J 

3-187 

TLC27L4BM 

LinCMOS, Low Bias 

0.1 

0.04 

2 

0.001 Typ 

30 

1 

16 

FH,FK,J 

3-187 

TLC27L4M 

LinCMOS, Low Bias 

0.1 

0.04 

10 

0.001 Typ 

30 

1 

16 

FH,FK,J 

3-187 


automotive temperature range (values specified for Ta ■ Ta 25° C) 


DEVICE 

NUMBER 

DESCRIPTION 

Bl 

(MHz) 

TYP 

SR 

(V/^s) 

TYP 

V|0 

(mV) 

MAX 

■IB 

(nA) 

MAX 

a VD 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

RV4136 

High Performance 

3 

1.7 

6 

500 

20 

±4.5 

±32 

D,J,N,W 

3-83 

LM2900 

General Purpose 

2.5 

0.5 


200 

1.2 

±4.5 

±32 

J,N 

3-47 

TLC274AI 

LinCMOS, High Bias 

2.3 

4.5 

5 

0.001 Typ 

10 

1 

16 

D,J,N 

3-187 

TLC274BI 

LinCMOS, High Bias 

2.3 

4.5 

2 

0.001 Typ 

10 

1 

16 

D,J,N 

3-187 

TLC274I 

LinCMOS, High Bias 

2.3 

4.5 

10 

0.001 Typ 

10 

1 

16 

D,J,N 

3-187 

MC3303 

General Purpose 

1 

0.6 

8 

-500 

20 

3 

36 

D,J,N 

3-187 

TLC27M4AI 

LinCMOS, Medium Bias 

0.7 

0.6 

5 

0.001 Typ 

20 

1 

16 

D,J,N 

3-187 

TLC27M4BI 

LinCMOS, Medium Bias 

0.7 

0.6 

2 

0.001 Typ 

20 

1 

16 

D,J,N 

3-187 

TLC27M4I 

LinCMOS, Medium Bias 

0.7 

0.6 

10 

0.001 Typ 

20 

1 

16 

D,J,N 

3-187 

LM2902 

General Purpose 

0.6 


7 

-250 

100 Typ 

3 

26 

D,J,N,W 

3-29 

TLC27L4AI 

LinCMOS, Low Bias 

0.1 

0.04 

5 

0.001 Typ 

30 

1 

16 

D,J,N 

3-187 

TLC27L4BI 

LinCMOS, Low Bias 

0.1 

0.04 

2 

0.001 Typ 

30 

1 

16 

D,J,N 

3-187 

TLC27L4I 

LinCMOS, Low Bias 

0.1 

0.04 

10 

0.001 Typ 

30 

1 

16 

D,J,N 

3-187 

TLC264AI 

LinCMOS, Programmable 


12 

5 

0.001 Typ 


2 

16 

D,J,N 

3-199 

TLC264BI 

LinCMOS, Programmable 


12 

2 

0.001 Typ 


2 

16 

D,J,N 

3-199 

TLC264I 

LinCMOS, Programmable 


12 

10 

0.001 Typ 


2 

16 

D,J,N 

3-199 


3-10 
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SELECTION GUIDE 


internally compensated, quad 


industrial temperature range (values specified for Ta * Ta 25°C) 


DEVICE 

NUMBER 

DESCRIPTION 

Bl 

(MHz) 

TYP 

SR 

(V/ M s) 

TYP 

V|0 

(mV) 

MAX 

1 IB 
(nA) 

MAX 

AvD 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

TL074I 

BIFET, Low Noise 

3 

13 

6 

0.2 

50 

±3.5 

± 18 

D,J,N 

3-125 

TL084I 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

±3.5 

± 18 

J,N 

3-125 

LM248 

General Purpose 

1 

0.5 

6 

200 

25 


± 18 

D,J,N 

3-33 

TL064I 

BIFET, Low Power 

1 

3.5 

6 

0.2 

4 

±1.5 

±18 

D,J,N 

3-103 

LM224 

General Purpose 

0.6 


5 

-150 

50 

3 

30 

D,J,N,W 

3-135 
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Operational Amplifiers 


SELECTION GUIDE 


internally compensated, quad 


commercial temperature range (values specified for Ta - 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

Bl 

(MHz) 

TYP 

SR 

(V/ps) 

TYP 

v IO 

(mV) 

MAX 

'IB 

(nA) 

MAX 

AvD 

(V/mV) 

MIN 

SUPPLY VOLTAGE 

(V) 

PACKAGES 

PAGE 

MIN 

MAX 

TL294C 

High Frequency 

20 

50 




±4 

±18 

J,N 

3-155 

RC4136 

High Performance 

3 

1.7 

6 

500 

20 

±4 

±18 

D,J,N,W 

3-83 

TL074AC 

BIFET, Low Noise 

3 

13 

6 

0.2 

50 

±3.5 

±18 

D,J,N 

3-125 

TL074BC 

BIFET, Low Noise 

3 

13 

3 

0.2 

50 

±3.5 

±18 

D,J,N 

3-125 

TL074C 

BIFET, Low Noise 

3 

13 

10 

0.2 

25 

±3.5 

±18 

D,J,N 

3-125 

TL075C 

BIFET, Low Noise 

3 

13 

13 

0.2 

25 

±3.5 

±18 

N 

3-125 

TL084AC 

BIFET, General Purpose 

3 

13 

6 

0.2 

50 

±3.5 

±18 

J,N 

3-135 

TL084BC 

BIFET, General Purpose 

3 

13 

3 

0.2 

50 

±3.5 

±18 

J,N 

3-135 

TL084C 

BIFET, General Purpose 

3 

13 

15 

0.4 

25 

±3.5 

±18 

J,N 

3-135 

TL085C 

BIFET, General Purpose 

3 

13 

15 

0.4 

25 

±3.5 

±18 

N 

3-135 

TL136C 

High Performance 

3 

2 

6 

500 

3 Typ 

±4 

±18 

D,J,N 

3-151 

LM3900 

General Purpose 

2.5 

0.5 



1.2 

±4.5 

±18 

J,N 

3-47 

TLC254AC 

LinCMOS, High Bias 

2.3 

4.5 

5 

0.001 Typ 

10 

1 

16 

D,J,N 

3-187 

TLC254BC 

LinCMOS, High Bias 

2.3 

4.5 

2 

0.001 Typ 

10 

1 

16 

D,J,N 

3-187 

TLC254C 

LinCMOS, High Bias 

2.3 

4.5 

10 

0.001 Typ 

10 

1 

16 

D,J,N 

3-187 

TLC274AC 

LinCMOS, High Bias 

2.3 

4.5 

5 

0.001 Typ 

10 

3 

16 

D,J,N 

3-187 

TLC274BC 

LinCMOS, High Bias 

2.3 

4.5 

2 

0.001 Typ 

10 

3 

16 

D,J,N 

3-187 

TLC274C 

LinCMOS, High Bias 

2.3 

4.5 

10 

0.001 Typ 

10 

3 

16 

D,J,N 

3-187 

LM348 

General Purpose 

1 

0.5 

6 

200 

25 


±18 

D,J,N 

3-187 

MC3403 

General Purpose 

1 

0.6 

10 

-500 

20 

±1.5 

±18 

D,J,N 

3-57 

TL064AC 

BIFET, Low Power 

1 

3.5 

6 

0.2 

4 

±1.5 

±18 

D,J,N 

3-103 

TL064BC 

BIFET, Low Power 

1 

3.5 

3 

0.2 

4 

±1.5 

±18 

D,J,N 

3-103 

TL064C 

BIFET, Low Power 

1 

3.5 

15 

0.2 

3 

±1.5 

±18 

D,J,N 

3-103 

TLC25M4AC 

LinCMOS, Medium Bias 

0.7 

0.6 

5 

0.001 Typ 

20 

1 

16 

D,J,N 

3-187 

TLC25M4BC 

LinCMOS, Medium Bias 

0.7 

0.6 

2 

0.001 Typ 

20 

1 

16 

D,J,N 

3-187 

TLC25M4C 

LinCMOS, Medium Bias 

0.7 

0.6 

10 

0.001 Typ 

20 

1 

16 

D,J,N 

3-187 

TLC27M4AC 

LinCMOS, Medium Bias 

0.7 

0.6 

5 

0.001 Typ 

20 

3 

16 

D,J,N 

3-187 

TLC27M4BC 

LinCMOS, Medium Bias 

0.7 

0.6 

2 

0.001 Typ 

20 

3 

16 

D,J,N 

3-187 

TLC27M4C 

LinCMOS, Medium Bias 

0.7 

0.6 

10 

0.001 Typ 

20 

3 

16 

D,J,N 

3-187 

LM324 

General Purpose 

0.6 


7 

-250 

25 

3 

30 

D,J,N,W 

3-29 

LM324A 

General Purpose 

0.6 


7 

-100 

25 

3 

30 

D,J,N,W 

3-29 

TL044C 

General Purpose 

0.5 

0.5 

5 

250 

60 

±2 

±18 

J,N,W 

3-99 

TLC25L4AC 

LinCMOS, Low Bias 

0.1 

0.04 

5 

0.001 Typ 

30 

1 

16 

D,J,N 

3-187 

TLC25L4BC 

LinCMOS, Low Bias 

0.1 

0.04 

2 

0.001 Typ 

30 

1 

16 

D,J,N 

3-187 

TLC25L4C 

LinCMOS, Low Bias 

0.1 

0.04 

10 

0.001 Typ 

30 

1 

16 

D,J,N 

3-187 

TLC27L4AC 

LinCMOS, Low Bias 

0.1 

0.04 

5 

0.001 Typ 

30 

3 

16 

D,J,N 

3-187 

TLC27L4BC 

LinCMOS, Low Bias 

0.1 

0.04 

2 

0.001 Typ 

30 

3 

16 

D,J,N 

3-187 

TLC27L4C 

LinCMOS, Low Bias 

0.1 

0.04 

10 

0.001 Typ 

30 

3 

16 

D,J,N 

3-187 


3-12 
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Input Offset Voltage (V|o) 

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero 
or other level, if specified. 

Average Temperature Coefficient of Input Offset Voltage (aviO) 

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 

r <v IO @ Ta( 1))-(V| 0 <s> T AI 2))"| 

a\/IO = j- ~ - — x A ('2 ) where Ta( 1) and T/\(2) are the specified temperature extremes. 

Input Offset Current (l|o) 

The difference between the currents into the two input terminals with the output at zero volts. 


Average Temperature Coefficient of Input Offset Current (a||0) 

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


<*110 = 


ll|Q @ Ta(1))-(I|Q @ Ta(2)) 
T A (1)-Ta<2) 


where Ta( 1) and Ta( 2) are the specified temperature extremes. 



Input Bias Current (l|B) 

The average of the currents into the two input terminals with the output at zero volts. 


Common-Mode Input Voltage (V|c) 

The average of the two input voltages. 


Common-Mode Input Voltage Range (V|CR) 

The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly. 

Differential Input Voltage (V|d) 

The voltage at the noninverting input with respect to the inverting input. 


Maximum Peak Output Voltage Swing (Vom) 

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) 

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
output voltage is zero. 

Large-Signal Voltage Amplification (Ay) 

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output. 


Differential Voltage Amplification (Avd) 

The ratio of the change in output voltage to the change in differential input voltage producing it. 
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GLOSSARY 

OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 


Maximum-Output-Swing Bandwidth (Bom) 

The range of frequencies within which the maximum output voltage swing is above a specified value. 

Unity-Gain Bandwidth (Bj) 

The range of frequencies within which the open-loop voltage amplification is greater than unity. 

Phase Margin (</> m ) 

The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 

Gain Margin (A m ) 

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is 
such that the output is in phase with the inverting input. 

input Resistance (r;) 

The resistance between the input terminals with either input grounded. 

Differential Input Resistance (rjd) 

The small-signal resistance between the two ungrounded input terminals. 

Output Resistance (r Q ) 

The resistance between the output terminal and ground. 

Input Capacitance (Cj) 

The capacitance between the input terminals with either input grounded. 

Common-Mode Input Impedance (z; c ) 

The parallel sum of the small-signal impedance between each input terminal and ground. 

Output Impedance (z Q ) 

The small-signal impedance between the output terminal and ground. 

Common-Mode Rejection Ratio (kCMR* CMRR) 

The ratio of differential voltage amplification to common-mode voltage amplification. 

NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 

Supply Voltage Sensitivity (ksvS* AV|o/AVqc) 

The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1 . Unless otherwise noted, both supply voltages are varied symmetrically. 

2. This is the reciprocal of supply voltage rejection ratio. 

Supply Voltage Rejection Ratio (ksvR* AVqc/AVio) 

The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 

NOTES: 1 . Unless otherwise noted, both supply voltages are varied symmetrically. 

2. This is the reciprocal of supply voltage sensitivity. 
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Equivalent Input Noise Voltage (V n ) 

The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals 
of the device that represents the part of the internally generated noise that can properly be represented by a voltage 
source. 


Equivalent Input Noise Current (l n ) 

The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input terminals 
of the device that represents the part of the internally generated noise that can properly be represented by a current 
source. 


Average Noise Figure (F) 

The ratio of (1 ) the total output noise power within a designated output frequency band when the noise temperature 
of the input termination(s) is at the reference noise temperature, To, at all frequencies to (2) that part of (1 ) caused 
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band. 


Short-Circuit Output Current dos) 

The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to 
a specified point. 


3 


Supply Current dec) 

The current into the Vcc or V(X + terminal of an integrated circuit. 

Total Power Dissipation (Pp) 

The total d-c power supplied to the device less any power delivered from the device to a load. 

NOTE: At no load: Pp = Vcc+ • ICC + + V CC- • ICC-- 

Crosstalk Attenuation (V 0 l/V 0 2) 

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another channel. 

Rise Time (t r ) 

The time required for an output voltage step to change from 10% to 90% of its final value. 

Total Response Time (Settling Time) (ttot) 

The time between a step-function change of the input signal level and the instant at which the magnitude of the output 
signal reaches for the last time a specified level range (±e) containing the final output signal level. 

Overshoot Factor 

The ratio of (1 ) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 

Slew Rate (SR) 

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


■ • Low Input Currents 

■ • Low Input Offset Parameters 

I • Frequency and Transient Response 

I Characteristics Adjustable 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

• No Latch-Up 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Same Pin Assignments as uA709 

• Designed to be Interchangeable with 
National Semiconductor LM101A and 
LM301A 

description 

The LM101A, LM201A, and LM301A are high- 
performance operational amplifiers featuring very low 
input bias current and input offset voltage and current 
to improve the accuracy of high-impedance circuits 
using these devices. The high common-mode input 
voltage range and the absence of latch-up make these 
amplifiers ideal for voltage-follower applications. The 
devices are protected to withstand short-circuits at 
the output. The external compensation of these 
amplifiers allows the changing of the frequency 
response (when the closed-loop gain is greater than 
unity) for applications requiring wider bandwidth or 
higher slew rate. A potentiometer may be connected 
between the offset-null inputs (N 1 and N2), as shown 
in Figure 7, to null out the offset voltage. 

The LM101 A is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C, 
the LM201A is characterized for operation from 
-25°C to 85 °C, and the LM301A is characterized 
for operation from 0°C to 70 °C. 

symbol 

NONINVERTING 

INPUT IN+ 

INVERTING 
INPUT IN- 

N1/ N2 
COMP 



D961 , OCTOBER 1979-REVISED AUGUST 1983 

D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

N1/COMP pi CHTh COMP 
!N - □ 2 7 ] Vcc + 

IN+Q3 eUouT 

V C C- U 4 5 U OFFSET N2 


W FLAT PACKAGE 
(TOP VIEW) 


NC C 

7T 

J 14 

H NC 

NC C 

2 

13 

H NC 

ni/compC 

3 

12 

U COMP 

IN- C 

4 

11 

H vcc + 

IN+ C 

5 

10 

U OUT 

vcc- C 

6 

9 

D OFFSET N2 

NC II 

7 

8 

D NC 


LM101A 

U FLAT PACKAGE 
(TOP VIEW) 



LM101A 

FH OR FK CHIP-CARRIER PACKAGE 
(TOP VIEW) 


CL 



<J 

> 


NC — No internal connection 


Copyright © 1983 by Texas Instruments Incorporated 

, Texas 3 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Operational Amplifiers 





Operational Amplifiers 


TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 




LM201A 

LM301A 

mm 

Supply voltage Vqq + (see Note 1 ) 

22 

22 

18 


Supply voltage Vcc- (see Note 1) 

-22 

-22 

-18 


Differential input voltage (see Note 2) 

±30 

±30 

±30 

s 

Input voltage (either input, see Notes 1 and 3) 

±15 

±15 

±15 

mm 

Voltage between either offset null terminal (N1/N2) and Vqc_ 

-0.5 to 2 

-0.5 to 2 


mm 

Duration of output short-circuit (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total power dissipation at (or below) 

25 °C free-air temperature (see Note 5) 

500 

500 

500 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

Oto 70 

°C 

Storage temperature range 

- 65 to 1 50 

-65 to 150 



Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 

FH, FK, JG, U, or W package 

300 

300 


D 

Lead temperature 1,6 mm (1/16 inch) 

from case for 1 0 seconds 

D or P package 


260 


El 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vcc-- 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the LM101 A only, the unlimited duration of the short-circuit applies at (or below) 
125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the short-circuit applies at (or below) 
85 °C case temperature or 75 °C free air temperature. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, LM101A chips are 
alloy-mounted; LM201A and LM301A chips are glass-mounted. 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Cq = 30 pF (see Note 6) 


PARAMETER 

TEST CONDITIONS* 

LM101A, LM201A 

LM301A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

V 0 = 0V 

25 °C 

0.6 2 

2 7.5 

mV 

Full range 

3 

10 

Average temperature 
c*VIO coefficient of 

input offset voltage 

Vq = 0 V 

Full range 

3 15 

6 30 

mV/°C 

l|0 Input offset current 


25 °C 

1.5 10 

3 50 

nA 

Full range 

20 

70 

Average temperature 
a|IO coefficient of 

input offset current 

T A = - 55°C to 25 °C 

0.02 0.2 


nA/°C 

T a = 25 °C to MAX 

0.01 0.1 


T A = 0°C to 25 °C 


0.02 0.6 

T A = 25 °C to 70 °C 


0.01 0.3 

l|B Input bias current 


25 °C 

30 75 

70 250 

nA 

Full range 

100 

300 

Common-mode 

V|cr 

input voltage range 

See Note 7 

Full range 

±15 

±12 

V 

Maximum peak-to-peak 

vopp 

output voltage swing 

V CC ± = ±15 V, 

R L = 10 kfl 

25 °C 

24 28 

24 28 

V 

Full range 

24 

24 

V CC ± = ±15 V, 

Rl = 2 kfl 

25 °C 

20 26 

20 26 

Full range 

20 

20 

Large-signal differential 
voltage amplification 

V C C± = ±15 V, 

V 0 = ±10 V, 

R L > 2 kfi 

25°C 

50 200 

25 200 

V/mV 

Full range 

25 

15 

q Input resistance 


25 °C 

1.5 4 

0.5 2 

MS2 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min 

25 °C 

80 98 

70 90 

dB 

Full range 

80 

70 

Supply voltage 
kSVR rejection ratio 

(A V C C/A V| 0 ) 


25 °C 

80 98 

70 96 

dB 

Full range 

80 

70 

•CC Supply current 

No Load, 

V 0 = 0 V, 

See Note 7 

25 °C 

1.8 3 

1.8 3 

mA 

MAX 

1.2 2.5 



*AII characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LM101A is 
— 55°C to 1 25°C, for LM201A is -25°C to 85 °C, and for LM301A is 0°C to 70°C. 

NOTES: 6. Unless otherwise noted, Vqq ± = ± 5 V to ± 20 V for LM1 01 A and LM201 A, and Vqc ± = ± 5 V to ± 1 5 V for LM301 A. All typical values 
are at Vcc± = ± 15 V. 

7. For LM101A and LM201A, V CC± = ±20 V. For LM301A, V cc± = ±15 V. 
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Operational Amplifiers 


Operational Amplifiers 


TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK 

INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE (WITH 

vs vs SINGLE-POLE COMPENSATION) 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE vs FREQUENCY 



Ta~ F ree-Air Temperature— C T/\— Free-Air Temperature— °C f— Frequency— Hz 


FIGURE 1 FIGURE 2 FIGURE 3 


OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL 

DIFFERENTIAL DIFFERENTIAL 

VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 

vs vs VOLTAGE-FOLLOWER 

SUPPLY VOLTAGE FREQUENCY LARGE-SIGNAL PULSE RESPONSE 



FIGURE 4 


FIGURE 5 


FIGURE 6 


TYPICAL APPLICATION DATA 



FIGURE 7- INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR 

INTEGRATED 

CIRCUITS 

• Low Input Currents 

• No Frequency Compensation Required 

• Low Input Offset Parameters 

• Short-Circuit Protection 

• No Latch-Up 

• Wide Common-Mode and Differential 
Voltage Ranges 


description 


TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

D962, DECEMBER 1970- REVISED AUGUST 1983 


LM107 . . . J OR W PACKAGE 
LM207, LM307 . . . W PACKAGE 
(TOP VIEW) 


NC E 
NC E 
NC E 
IN- E 
IN + E 
v cc- E 
NC E 


1 Ul4 

2 13 


H NC 
H NC 
2 NC 
H vcc + 

U OUT 
U NC 
H NC 


The LM107, LM207, and LM307 are high- 
performance operational amplifiers featuring very low 
input bias current and input offset voltage and current 
to improve the accuracy of high-impedance circuits 
using these devices. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage follower applications. The devices are short- 
circuit protected and the internal frequency 
compensation ensures stability without external 
components. 

The LM107 is characterized for operation over the full 
military temperature range of - 55 °C to 1 25 °C, the 
LM207 is characterized for operation from - 25 °C to 
85 °C, and the LM307 is characterized for operation 
from 0°C to 70 °C. 


LM107 . . . JG PACKAGE 
LM207, LM307 . . . D, JG, OR P PACKAGE 
(TOP VIEW) 


NC E 
IN- E 
IN + E 
vcc- E 

TTTsl 

2 7 

3 6 

4 5 

2 NC 

H vcc + 

2 OUT 

2 NC 

LM107 . . . U FLAT PACKAGE 

(TOP VIEW) 

NC E 
NC E 
IN- E 
in + E 
vcc- E 

•1 10 

2 9 

3 8 

4 7 

5 6 

D NC 

2 COMP 
D vcc + 

2 OUT 

2 NC 


NC — No internal connection 

symbol 



NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 
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Operational Amplifiers 


TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 



LM107 

LM207 

LM307 

Q2Q 

Supply voltage Vqc + (see Note 1 ) 

22 

22 

18 

V 

Supply voltage Vqq - (see Note 1 ) 

-22 

-22 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (either input, see Notes 1 and 3) 

±15 

±15 

±15 

V 

Duration of output short-circuit (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 

500 

500 

500 


Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

Hi 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG, U, or W package 

300 

300 

300 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

260 

°c 


NOTES: 1. 
2 . 


3 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vqq _ . 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

The output may be shorted to ground or either power supply. For the LM1 07 only, the unlimited duration of the short-circuit applies at (or below) 
1 25 °C case temperature or 75 °C free-air temperature. For the LM207 only, the unlimited duration of the short-circuit applies at (or below) 85 °C 
case temperature or 75 °C free air temperature. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (see Note 6) 


PARAMETER 

TEST CONDITIONS t 

LM107, LM207 

LM307 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V io Input offset voltage 

o 

II 

O 

> 

25 °C 

0.6 2 

2 7.5 

mV 

Full range 

3 

10 

Average temperature 
a VI0 coefficient of 

input offset voltage 

O 

II 

O 

> 

Full range 

3 15 

6 30 

/iV/° C 

l|0 Input offset current 

Vq = 0 

25 °C 

1.5 10 

3 50 

nA 

Full range 

20 

70 

Average temperature 
a||Q coefficient of 

input offset current 

T A = - 55 °C to 25 °C 

0.02 0.2 


nA/°C 

T A = 25 °C to MAX 

0.01 0.1 


T A = 0°C to 25°C 


0.02 0.6 

T A = 25 °C to 70 °C 


0.01 0.3 

1 IQ Input bias current 


25 °C 

30 75 

70 250 

nA 

Full range 

100 

300 

Common-mode 

input voltage range 

See Note 7 

Full range 

±15 

±12 

V 

Maximum peak-to-peak 

Vnpp 

output voltage swing 

V CC ± = ±15 V, 

R L = 10 kQ 

25°C 

00 

CM 

CM 

24 28 

V 

Full range 

24 

24 

V CC ± = ±15 V, 

Rj_ = 2 kfl 

25 °C 

20 26 

20 26 

Full range 

20 

20 

Large-signal differential 
voltage amplification 

V CC ± = ±15 V, 

V 0 = ±10 V, 

R L > 2 kO 

25 °C 

50 200 

25 200 

V/mV 

Full range 

25 

15 

rj Input resistance 


25°C 

1.5 4 

0.5 2 

MQ 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min 

25°C 

00 

o 

CO 

00 

70 90 

dB 

Full range 

80 

70 

Supply voltage 
k SVR rejection ratio 
(A Vqc/A V|q) 


25°C 

80 98 

70 96 

dB 

Full range 

80 

70 

Icc Supply current 

No Load, 

V 0 = 0, 

See Note 7 

25°C 

1.8 3 

1.8 3 

mA 

MAX 

1.2 2.5 



^All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LM1 07 is - 55 °C 
to 1 25 °C, for LM207 is -25°C to 85 °C, and for LM307 is 0°C to 70°C. 

NOTES: 6. Unless otherwise noted V^c± = ±5 V to ±20 V for LM107 and LM207, and Vqq ± = ± 5 V to ± 1 5 V for LM307. All typical values are 
at Vqq + = ± 1 5 V. 

7. For LM107 and LM207, V CC± = ±20 V. For LM307, V cc± = ±15 V. 
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Operational Amplifiers 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Input Bias Current 

LM108, LM208 . . . 3 nA Max 
LM308 . . . 10 nA Max 

• Offset Current 

LM108, LM208 . . . 400 pA Max 
LM308 ... 1500 pA Max 


• Supply Current . . . 300 /aA Typ 


• Direct Replacement for 
National Semiconductor 
LM108, LM208, and LM308 


TYPES LM108, LM208, AND LM308 
PRECISION OPERATIONAL AMPLIFIERS 

D2808, OCTOBER 1983 


LM108 . . . JG DUAL-IN-LINE PACKAGE 
LM208, LM308 . . . D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


COMP[I 
IN - C 
IN 4- C 

vcc- C 


1 U 8 

2 7 

3 6 

4 5 


HCOMP2 
H V CC + 

3 OUTPUT 

Unc 


NC — No internal connection 


symbol 


INVERTING 
INPUT IN- 
NONINVERTING 
INPUT IN+ 

description 

The LM108, LM208, and LM308 are precision operational amplifiers featuring very low input bias current 
and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 
In most cases these devices make it possible to eliminate offset adjustments for performances approaching 
that of chopper-stabilized amplifiers. As an example, the LM108 device is available with offset voltage 
less than 1 -millivolt and temperature coefficient less than 5/xV/ °C over the entire military temperature range. 




These devices are designed to withstand short-circuits at the output. The external compensation of these 
amplifiers allows changing the frequency response (when the closed-loop gain is greater than unity) for 
applications requiring wider bandwidth or higher slew rate. 


The LM108 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The LM208 is characterized for operation from -25°C to 85 °C, and the LM308 is characterized for 
operation from 0°C to 70 °C. 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas instruments reserves the right to 
change or discontinue this product without notice. 


Copyright © 1983 by Texas Instruments Incorporated 
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Operational Amplifiers 


TYPES LM108, LM208, AND LM308 
PRECISION OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



LM108 

LM208 

LM308 

UNIT 

Supply voltage, Vcc + (see Note 1 ) 

18 

20 

20 

V 

Supply voltage, Vcc - < see Note 1 ) 

-18 

-20 

-20 

V 

Input voltage (see Note 2) 

±15 

±15 

±15 

V 

Differential input current (see Note 3) 

±10 

±10 

±10 

mA 

Duration of output short-circuit (see Notes 4 and 5) 

Unlimited 

Unlimited 

Unlimited 


Continuous total. power dissipation at (or below) 25 °C free-air temperature 

500 

500 

500 

mW 

Operating temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 

JG package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 1 0 seconds 

D or P package 


260 

260 

°C 


NOTES: 1. 



2 . 

3. 

4. 

5. 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vcc _ . 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

The inputs are shunted with two opposite-facing base-emitter diodes for over-voltage protection. Therefore, excessive current will flow if a differential 
input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The output may be shorted to ground or either power supply. 


electrical characteristics at specified free-air temperature (see Note 6) 


PARAMETER 

TEST CONDITIONS f 

LM108, LM208 

LM308 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 


25 °C 

0.7 2 

2 7.5 

mV 

Full range 

3 

10 

Average temperature 

a VIO coefficient of input 

offset voltage 


Full range 

3 15 

6 30 

/iV/°C 

l|0 Input offset current 


25 °C 

0.05 0.2 

0.2 1 

nA 

Full range 

0.4 

1.5 

Average temperature 

ailO coefficient of input 

offset current 


Full range 

0.5 2.5 

2 10 

pA/°C 

l|0 Input bias current 


25 °C 

0.8 2 

1.5 7 

nA 

Full range 

3 

10 

Common-mode input 

V ICR 

voltage range 

V CC = ±15 V 

Full range 

±13.5 

±14 

V 

Maximum peak 

v OM * * 

output voltage swing 

V C C = 15 V, 

R l = 10 kO 

Full range 

±13 ±14 

±13 ±14 

V 

Large-signal differential 

a VD 

voltage gain 

V CC = ±15 V, V 0 = ±10 V, 
R L > 10 kfi 

25°C 

50 300 

25 300 

V/mV 

Full range 

25 

15 

rj Input resistance 


25°C 

30 70 

10 40 

Mfl 

Common-mode 

CMRR 

rejection ratio 


Full range 

85 100 

80 100 

dB 

Supply voltage rejection 

ksVR 

5 ratio (AV CC /AV| 0 ) 



80 96 

80 96 

dB 

ICC Supply current 


25 °C 

0.3 0.6 

0.3 0.8 


MAX 

0.15 0.4 



* All characteristics are specified under open-loop conditions with zero common-mode input voltage unless otherwise noted. Full range is -55°C to 125°C 
for LM108, -25°C to 85 °C for LM208, and 0°C to 70 °C for LM308. For conditions shown as MAX, use the appropriate maximum value specified under 
absolute maximum ratings. 

NOTE 6: Unless otherwise noted, V cc± = ±5 V to ± 18 V for LM 108 and LM208, and V cc = ±5 V to ±15 V for LM308. 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Input Current . . . 10 nA Max 

• Small-Signal Bandwidth ... 20 MHz 

• Slew Rate ... 30 V//iS 

• Supply Voltage Range ... ±5 V to ±18V 

• Direct Replacements for National 
Semiconductor LM110, LM210, and LM310 


description 

The LM110 series are monolithic operational 
amplifiers internally connected as unity-gain non- 
inverting amplifiers. They use transistors in the 
input stage to get low bias current without 
sacrificing speed and they have internal 
frequency compensation and provision for offset 
balancing. Increased output swing under load 
can be obtained by connecting an external 
resistor between the Booster terminal and the 
VcC- terminal. 


TYPES LNI110, LM210, AND LM310 
VOLTAGE FOLLOWERS 

D2815, OCTOBER 1983 


LM110 . . . JG DUAL-IN-LIISIE PACKAGE 
LM21 0, LM310 . . . JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


BALI £ 
NCC 
IN+ Q 
VCC - C 


1 U 8 

2 7 

3 6 

4 5 


U BAL2 

H v cc + 

D OUT 
U BOOSTER 


NC — No internal connection 


symbol 




These devices are useful in fast sample-and-hold circuits, active filters, or as general purpose buffers. They 
are plug-in replacements for the LM102 series voltage followers, offering lower offset voltage, drift, bias 
current, and noise in addition to higher speed and wider operating voltage range. 


The LM1 10 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The LM210 is characterized for operation over the temperature range of -25°C to 85 °C, and LM310 
is characterized for operation over the temperature range of 0°C to 70 °C. 


absolute maximum ratings 



LM110 

LM210 

LM310 

UNITS 

Supply voltage, Vqc+ (see Note 1) 

18 

18 

18 

V 

Supply voltage, VQC- 

-18 

-18 

-18 

V 

Input voltage (see Note 2) 

±15 

±15 

±15 

V 

Duration of output short-circuit (see Notes 3 and 4) 

Unlimited 

Unlimited 

Unlimited 


Continuous total dissipation at (or below) 25 °C 
free-air temperature range (see Note 5) 

500 

500 

500 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

- 65 to 1 50 

-65 to 150 

- 65 to 1 50 

°C 

Lead temperature at 1,6 mm (1/16 inch) 

from case for 60 seconds 

JG package 

300 

300 

300 

°C 

Lead temperature at 1,6 mm (1/16 inch) 

from case for 10 seconds 

P package 


260 

260 

°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vqq_. 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

3. The output may be shorted to ground or either power supply. 

4. It is necessary to insert a resistor (R > 2 kilohms) in series with the input when the amplifier is driven from low-impedance sources to prevent 
damage when the output is shorted. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Tables in Section 2. In the JG package, LM1 1 0 chips are alloy mounted, 
LM210 and LM310 chips are glass mounted. 
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electrical characteristics at specified free-air temperatures, Vcc ± = ±5 V to ±18V 
(unless otherwise noted) 



PARAMETER 

V|q Input offset voltage 

Average temperature 
“VIO coefficient of input 
offset voltage 

l|B Input bias current 

Maximum peak 
output voltage swing 


Large-signal 
voltage gain 


Supply voltage rejection 
kSVR ratio (AV CC /AV| 0 ) 
r| Input resistance 

r 0 Output resistance 

Cj Input capacitance 


ICC Supply current 


TEST CONDITIONS t 


25 °C 
Full range 


25°C 
Full range 


Vcc ± = ±15 V, 
R L = 10 kfi 
V CC ± ” ±15 V 
V 0 = ±10 V, 

R L = 8 kfi 
Vcc ± - ± 1 5 V, 
V 0 = ± 1 0 V, 

R L = 10 kO 


LIV 

1210 

LM310 

1 

ryp max 

MIN TYP MAX 


1.5 4 

2.5 7.5 


6 

10 


12 

10 


1 3 

2 7 


10 

10 


Full range 0.999 


25°C 
25 °C 
Full range 


25 °C 
MAX 


80 

70 

80 

70 80 

1012 

ioio 1C 

>12 

1010 1012 

0.75 2.5 

0 

.75 2.5 

0.75 

1.5 


1.5 

1.5 


1 All characteristics are specified under open-loop operation. Full range is -55°C to 125°C for LM1 10, -25°C to 85 °C for LM210, and 0°C to 70 °C for LM310. For conditions 
shown as MAX, use the appropriate value specified under absolute maximum ratings. 


TYPES LM110, LM210, AND LM310 
VOLTAGE FOLLOWERS 




LINEAR 

INTEGRATED 

CIRCUITS 


• Wide Range of Supply Voltages: 
Single Supply ... 3 V to 30 V 
(LM2902 ... 3 V to 26 V), 
or Dual Supplies 


• Low Supply Current Drain Independent of 
Supply Voltage . . . 0.7 mA Typ 


• Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 


• Low Input Bias and Offset Parameters: 
Input Offset Voltage ... 3 mV Typ 
A Versions ... 2 mV Typ 
Input Offset Current . . . 2 nA Typ 
Input Bias Current ... 20 n A Typ 
A Versions . . . 15 nA Typ 


• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... 32 V 
(26 V for LM2902) 

• Open-Loop Differential Voltage 
Amplification ... 100 V/m V Typ 

• Internal Frequency Compensation 


description 

These devices consist of four independent, high-gain 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts (for 
the LM2902, 3 volts to 26 volts), and Pin 4 is at least 
1 .5 volts more positive than the input common-mode 
voltage. The low supply current drain is independent 
of the magnitude of the supply voltage. 

Applications include transducer amplifiers, d-c 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be more 
easily implemented in single-supply-voltage systems. 
For example, the LM1 24 can be operated directly off 
of the standard five-volt supply that is used in digital 
systems and will easily provide the required interface 
electronics without requiring additional ± 1 5-volt 
supplies. 

The LM1 24 is characterized for operation over the full 
military temperature range of - 55 °C to 1 25 °C. The 
LM2902 is characterized for operation from -40°C 
to 85 °C, the LM224 and LM224A from -25°C to 
85 °C, and the LM324 and LM324A from 0°C to 
70 °C. 


TYPES LM124, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 

D1990, SEPTEMBER 1975-REVISED SEPTEMBER 1983 


D, J, OR N DUAL-IN-LINE PACKAGE, 
OR W FLAT PACKAGE 


(TOP VIEW) 


AMPL 

#1 


AMPL 

#2 


{ 

{ 


outC 

IN - c 
IN + C 

vcc 0 

IN+ C 
IN- C 

outC 


ui 


DOUT 

□ IN — 

Din + 
Hgnd 
Din 

□ in — 
Dout 


} 

ML-/ 

3 


AMPL 

#4 


AMPL 

#3 


LM124 

FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 


2 O 


§2 


T— 1- (J Tt 'St 

% % 2 ^ ^ 

" LJ LJ L-J 1—1 l—l > 
3 2 1 20 19 


#1 IN + ] 4 
NC ] 5 

VCC ] 6 

NC ] 7 
#2 IN+ ]8 


18 [ #4 IN 4- 
17 [ NC 
16 [ GND 
15[ NC 
14 C #3 IN + 


9 10 11 12 13 
r-ir-ii— ii— ii — i 

- o o ? 

CM CM CO CO 



NC— No internal connection 


symbol (each amplifier) 


INVERTING 
INPUT IN- 
NONINVERTING 
INPUT IN+ 



OUTPUT 
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Operational Amplifiers 


TYPES LM124, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 



INVERTING 

INPUT 


NONINVERTING 

INPUT 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



LM124 

LM224, LM224A, 

LM324, LM324A 

LM2902 

UNIT 

Supply voltage, Vcc < see Note 1 ) 

32 

26 

V 

Differential voltage (see Note 2) 

±32 

±26 

V 

input voltage range (either input) 

-0.3 to 32 

-0.3 to 26 

V 

Duration of output short-circuit (one amplifier) to ground at (or below) 

25 °C free-air temperature (Vcc ^ 15 V) (see Note 3) 

unlimited 

unlimited 


Continuous total dissipation at (or below) 

25 °C free-air temperature (see Note 4) 

D or J package 

900 

900 

mW 

N package 

875 

875 

Operating free-air temperature range 

LM124 

-55 to 125 


°C 

LM224, LM224A 

-25 to 85 


LM324, LM324A 

0 to 70 


LM2902 


-40 to 85 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

FH, FK, J 
or W package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or N package 

260 

260 

°C 


NOTES: 1 . All voltage values, except differential voltages and Vqq specified for the measurement of Iqs> are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to dissipation Derating Curves, Section 2. In the J package, LM1 24 chips are alloy-mounted; 
LM224, LM324, and LM2902 chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



co 

CO 


PARAMETER 

TEST CONDITIONS* 

LM124, LM224 

LM324 

LM2902 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

Vcc = 5 V to MAX, 

V|c = V|CR min, 

Vq = 1.4 V 

25°C 

3 5 

3 7 

3 7 

mV 

Full range 

7 

9 

10 

l|0 Input offset current 

V 0 = 1.4 V 

25°C 

2 30 

2 50 

2 50 

nA 

Full range 

100 

150 

200 

l|B Input bias current 

V 0 = 1.4 V 

25°C 

-20 -150 

-20 -250 

-20 -250 

nA 

Full range 

-300 

-500 

-500 

, , Common-mode input 

ViPR 

voltage range 

Vcc = 5 V to MAX 

25°C 

0 to 

V CC - 1-5 

0 to 

v cc - i- 5 

0 to 

Vcc-15 

V 

Full range 

0 to 

Vcc -2 

0 to 

Vcc -2 

0 to 

V CC -2 

Voh High-level output voltage 

R|_ = 2 kfi 

25 °C 

v cc - 1.5 

Vcc-1-5 


V 

R L - 1 0 kfi 

25 °C 



Vcc- 15 

Vqc = MAX, R L = 2 kfi 

Full range 

26 

26 

22 

Vcc = MAX,R L = 10 kfi 

Full range 

27 28 

27 28 

23 24 

Vql Low-level output voltage 

R| < 10 kfi 

Full range 

5 20 

5 20 

5 100 

mV 

Large-signal differential 
u voltage amplification 

Vcc = 1 5 V, 

Vq = 1 V to 1 1 V, 

R L > 2 kfi 

25 °C 

50 100 

25 100 

100 

V/mV 

Full range 

25 

15 

15 

CMRR Common-mode rejection ratio 

V|C = V| C R min 

25 °C 

o 

00 

o 

rx 

65 80 

50 80 

dB 

Supply voltage rejection 

SVR ratio (AV C c/AV, 0 ) 


25 °C 

65 100 

65 100 

50 100 

dB 

V 0 i/V 0 2 Crosstalk attenuation 

f = 1 kHz to 20 kHz 

25°C 

120 

120 

120 

dB 

l|0 Output current 

V C C = 15 V, 

V| D = 1 V, 

V 0 = 0 

25°C 

- 20 - 30 - 60 

-20 -30 -60 

-20 -30 -60 

mA 

Full range 

-10 

-10 

-10 

V C C = 15 V, 

V| D = -1 V, 

V 0 = 1 5 V 

25°C 

10 20 

10 20 

10 20 

Full range 

5 

5 

5 

V| D = -1 V, 

Vq = 200 mV 

25 °C 

12 30 

12 30 

30 

m a 

Short-circuit 

■os 

output current 

V C C at 5 V. 

GND at - 5 V,V 0 = 0 

25 °C 

±40 ±60 

±40 ±60 

±40 ±60 

mA 

Supply current 

ice 

(four amplifiers) 

Vq = 2.5 V, 

No load 

Full range 

0.7 1.2 

0.7 1.2 

0.7 1.2 

mA 

V CC = MAX, 

V 0 = 0.5 Vcc- 
No load 

Full range 

1.1 3 

1.1 3 

1.1 3 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. "MAX” Vqq for testing purposes is 26 V for LM2902, 
30 V for the others. Full range is -55°C to 125°C for LM124, -25°C to 85°C for LM224, 0°C to 70°C for LM324, and -40°C to 85°C for LM2902. 
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electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

LM224A 

LM324A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

Vcc = 5 V to 30 V, 

V|C = V|CR rnin, 

V 0 = 1.4 V 

25°C 

2 3 

2 3 

mV 

Full range 

4 

5 

1)0 Input offset current 

V 0 * 1.4 V 

25°C 

2 15 

2 30 



30 

75 

l|B Input bias current 

Vq = 1.4 V 

25 °C 

-15 -80 

-15 -100 

V 

Full range 

-100 

-200 

Common-mode input 
^ ,CR voltage range 

Vcc = 30 V 

25 °C 



■ 

Full range 

0 to 

Vcc -2 

0 to 

Vcc -2 

Vqh High-level output voltage 

R|_ = 2 kQ 

25 °C 

VCC” 1 -5 

V CC -1-5 

■ 

Vcc = 30 V, R[_ = 2 kQ 

Full range 

26 

26 

Vcc = 30 V, R L = 10 kQ 

Full range 

27 28 

27 28 

Vql Low-level output voltage 

R| < 10 kQ 



5 20 

2H 

Large-signal differential 

Awn 

voltage amplification 

V C C = 1 5 V, 

Vq = 1 V to 1 1 V, 

RL 2= 2 kQ 

25 °C 


25 100 

V/mV 


25 

15 

CMRR Common-mode rejection, ratio 

V IC = v iCR min 

25 °C 

70 80 

65 80 

dB 

Supply voltage rejection 
ratio (AVcc/AV|q) 


25°C 

65 100 

65 100 

dB 

V 0 i/V 0 2 Crosstalk attenuation 

f = 1 kHz to 20 kHz 

25 °C 

120 

120 

dB 

lO Output current 

Vcc = 15 V, 

V| D = 1 V, 

V 0 = 0 

25 °C 


-20 -30 -60 

mA 

Full range 

-10 

-10 

V C C = 15 V, 

V| D = — 1 V, 

V 0 = 5V 


10 20 

10 20 


5 

5 

Yid = -i v, 

Vq = 200 mV 

Full range 

12 30 

1 2 30 

MA 

Short-circuit 

■os 

output current 

V C C at 5 V, 

GND at -5 V, V 0 = 0 

25 °C 

±40 ±60 

±40 ±60 

mA 

. Supply current 

■cc 

(four amplifiers) 

V 0 = 2.5 V, 

No load 

Full range 

0.7 1.2 

0.7 1.2 

mA 

V C C = 30 V, 

Vq = 1 5 V, 

No load 

Full range 

1.1 3 

1.1 3 


^All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is -25°C to 85 °C for LM224A 
and 0°C to 70 °C for LM324A. 
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< IN- C2 
IsJN + £ 3 
v cc+ O 

{ IN + Q 5 
IN- Qe 
out r" 7 


7T 

J 14 

2 

13 

3 

12 

4 

1 1 

5 

10 

6 

9 

7 

8 


9n in- 


. . FH OR FK PACKAGE 
(TOP VIEW) 

I I— I- | 

2 o o 2 

<- r- (J ^ ^ 


MUTCPDITCn TYPES LM148, LM248 > LM348 

CIRCUITS QUADRUPLE OPERATIONAL AMPLIFIERS 

D2551, OCTOBER 1979-REVISED SEPTEMBER 1983 


• uA741 Operating Characteristics LM148 . . . J package 

• . 0 , - A . ncA-r LM248, LM348 . . . D, J, OR N PACKAGE 

• Low Supply Current Drain . . . 0.6 mA Typ (TQp y 

(per amplifier) 

• Low Input Offset Voltage AMPL j= ^ ^ ™ =j 

• Low Input Offset Current #1 IJN+Q 3 12 DIN + J 

• Class AB Output Stage AMPL 

• Input/Output Overload Protection <J IN — Q 6 9 ] IN- > 

• Designed to be Interchangeable with National kpUT Q 7 8p OUTj 

LM148, LM248, and LM348. 

description LM148 FH 0R FK packag 

(TOP VIEW) 

The LM148, LM248, and LM348 are quadruple, K 

independent, high-gain, internally compensated 2 g g 2 

operational amplifiers designed to have operating «- u ^ -4- 

characteristics similar to the uA741 . These amplifiers ^ ^ z =w= =*b 

exhibit low supply current drain, and input bias and 

offset currents that are much less than those of the # 1 IN + ] 4 18[# 

uA741< NC ] 5 17 [ N< 

The LM1 48 is characterized for operation over the full Vqc + 3 6 1 6 C Vi 

military temperature range of -55 °C to 125 °C, the NC ]7 15 [ N' 

LM248 is characterized for operation from - 25 °C to #2IN+]8 14[# 

85 °C, and the LM348 is characterized for operation \ 9 10 1112 13 / 

from 0°C to 70 °C. , o V- , 

symbol (each amplifier) 2 § 2 § 2 

NONINVERTING ^ CO 

INPUT IN+ + M . =«= =«= 

OUTPUT NC — No internal connection 

INVERTING 
INPUT IN- 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vqc + (see Note 1) 

Supply voltage Vcc~(see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 
Duration of output short-circuit (see Note 4) 
Continuous total power dissipation at (or below) 
25 °C free-air temperature (see Note 5) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1,6 mm (1/16 inch) 
from case for 60 seconds 
Lead temperature 1,6 mm (1/16 inch) 
from case for 10 seconds 


#1 IN + 

]« 

18 [ 

#4 IN + 

NC 

]s 

17 [ 

NC 

vcc + 

]6 

1 6 [ 

vcc- 

NC 

]? 

15[ 

NC 

#2 IN + 

]8 

14[ 

#3 IN + 


9 10111213 


D 2 O 7 

o o ^ 

CM CO CO 


NC — No internal connection 


D , FH, FK, or J package 
N package 


FH, FK, or J package 


D or N package 


LM148 

LM248 

LM348 

22 

18 

18 

-22 

-18 

-18 

44 

36 

36 

±22 

±18 

±18 

unlimited 

unlimited 

unlimited 

900 

900 

900 


875 

875 

-55 to 125 

-25 to 85 

0 to 70 

-65 to 150 

-65 to 150 

-65 to 150 

300 

300 

300 


260 

260 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VqC+ ancl V CC-- 

2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or the value specified in the table, whichever is less. 

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure that the dissipation 
rating is not exceeded. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, LM148 chips are alloy mounted, 
LM248 and LM348 chips are glass mounted. 
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electrical characteristics, Vqc h 


TEST CONDITIONS* 


Input offset voltage 


Input offset current 


Input bias current 

Common-mode 
input voltage range 

Maximum peak output 
voltage swing 


Large-signal differential 
voltage amplification 
rj Input resistance 

B-| Unity-gain bandwidth 

<j>M Phase margin 

Common-mode 

CMRR 

rejection ratio 
Supply voltage rejection 
kSVR ratio (AVcc±/AV|o) 

Iqs Short-circuit output current 

Supply current 

ice 

(four amplifiers) 

V 0 i/V 0 2 Crosstalk attenuation 


R L = 10 kQ 

R L > 10 kQ “ 

R L = 2 kQ " 

R L > 2 kQ " 

Vq = ±10 V, 

R|_ > 2 kQ " 

Ayp = 1 

A VP = 1 

V|C = V|cr min, 

Vq - 0 " 

V CC± = ±9 V to ±15 V, 
Vq = 0 


f = 1 Hz to 20 kHz, 


Full range 
25 °C 
Full range 
25 °C 
Full range 


25°C 
Full range 
25 °C 
Full range 
25 °C 
Full range 
25 °C 


Full range 
25 °C 
Full range 
25 °C 


I 


*Ali characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T^ is -55°C to 125°C for LM148, ■ 
85 °C for LM248, and 0°C to 70 °C for LM348. 
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TYPES LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc± = ±15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

SR Slew rate at unity gain 

Rl = 2 kfl, Cj_ = 100 pF, See Figure 1 

0.5 

V/ M s 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1-UNITY-GAIN AMPLIFIER 


10 kf2 



FIGURE 2— INVERTING AMPLIFIER 
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Operational Amplifiers 


LINEAR 

INTEGRATED 

CIRCUITS 


• Wide Range of Supply Voltages: 

Single Supply ... 3 V to 30 V 
(LM2904 ... 3 V to 26 V), 
or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage ... 0.7 mA Typ 

• Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 

• Low Input Bias and Offset Parameters: 

Input Offset Voltage ... 3 mV Typ 
A Versions ... 2 mV Typ 
Input Offset Current ... 2 nA Typ 
Input Bias Current ... 20 nA Typ 
A Versions . . . 15 nA Typ 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 32 V 

(±26 V for LM2904) 

• Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 

• Internal Frequency Compensation 
description 

These devices consist of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts (3 volts 
to 26 volts for the LM2904), and the Vcc P' n iS at 
least 1 .5 volts more positive than the input common- 
mode voltage. The low supply current drain is 
independent of the magnitude of the supply voltage. 

Applications include transducer amplifiers, d-c 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be more 
easily implemented in single-supply-voltage systems. 
For example, these devices can be operated directly 
off of the standard five-volt supply that is used in 
digital systems and will easily provide the required 
interface electronics without requiring additional 
± 1 5-volt supplies. 

The LM1 58 is characterized for operation over the full 
military temperature range of - 55 °C to 1 25 °C. The 
LM258 and LM258A are characterized for operation 
from - 25 °C to 85 °C, the LM358 and LM358A from 
0° to 70°, and the LM2904 from -40°C to 85 °C. 


TYPES LM158, LM258, LM358 
LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 

D2231, JUNE 1 976 — REVISED AUGUST 1983 


D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OUTL 1 
IN - C 2 
JN+ C 3 
GND [4 


8 J Vcc + 

7 U out"! 

6 D I N - !> 
5 J IN+ } 


U FLAT PACKAGE 
(TOP VIEW) 


NC C 

•1 

10 

] NC 

OUT £ 

2 

9 

H vcc + 

IN - £ 

3 

8 

Jout'| 

IN + C 

4 

7 

Jin- 

GND C 

5 

6 

] IN+ ) 


LM 158 

FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 


w 0 

o O O CJ 
z =* z > z 


3 2 1 20 19 


NC J4 
#1 IN- ] 5 
NC 3 6 
#1 IN + ] 7 
NC ]8 


18 L NC 
17 C #2 OUT 
16 [ NC 
15[ #2 IN- 
14 [ NC 


9 10 11 12 13 
r-inr-if-ir-i. 

O Q O + O 

z z z 7 z 
O - 


NC — No internal connection 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 
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schematic (each amplifier) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



LM158, 

LM258, LM258A 

LM358, LM358A 

LM2904 

UNIT 

Supply voltage, Vcc (see Note 1 ) 

32 

26 

V 

Differential voltage (see Note 2) 

±32 

±26 

V 

Input voltage range (either input) 

-0.3 to 32 

-0.3 to 26 

V 

Duration of output short-circuit (one amplifier) to ground at (or below) 

25 °C free-air temperature (Vcc ^ 15 V) (see Note 3) 

unlimited 

unlimited 


Continuous total dissipation at (or below) 

25 °C free-air temperature (see Note 4) 

D package 

725 

725 

mW 

JG package (alloy-mounted chip) 

1050 


JG package (glass-mounted chip) 

825 

825 

P package 

725 

725 

U package 

675 

675 

Operating free-air temperature range 

LM158 

-55 to 125 


°C 

LM258, LM258A 

-25 to 85 


LM358, LM358A 

0 to 70 


LM2904 


-40 to 85 

Storage temperature range 

- 65 to 1 50 

- 65 to 1 50 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

FH, FK, JG, 
or U package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 

260 

260 

°C 


NOTES: 1 . All voltage values, except differential voltages and Vqc specified for the measurement of Iqs< are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to V<^c can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, LM1 58 chips are alloy-mounted; 
LM258, LM258A, LM358, LM358A, and LM2904 chips are glass-mounted. 
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electrical characteritics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

LM158, LM258 

LM358 

LM2904 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vjo Input offset voltage 

Vcc = 5 V to MAX, 
V IC = Vjcr min, 

V 0 = 1.4 V 

25 °C 

3 5 

3 7 

3 7 

mV 

Full range 

7 

9 

10 

Average temperature coefficient 
a 

VIO of input offset voltage 


Full range 

7 

7 

7 

|tV/° C 

l|0 Input offset current 

V 0 = 1.4 V 

25°C 

2 30 

2 50 

2 50 

nA 

Full range 

100 

150 

200 

Average temperature coefficient 
of input offset current 


Full range 

10 

10 

10 

pA/°C 

l|B Input bias current 

Vq = 1.4 V 

25 °C 

- 20 - 1 50 

-20 -250 

-20 -250 

nA 


-300 

-500 

-500 

Common-mode 

V|PD 

input voltage range 



0 to 

V C C- 1-5 

0 to 

vcc- 1 - 5 

0 to 

Vcc- 1 - 5 

■ 


0 to 

Vcc - 2 

0 to 

Vcc -2 

0 to 

Vcc -2 

Vqh High-level output voltage 

r L > 2 k« 

25°C 

VcC" 1 -5 

Vcc- 1 -5 


V 


25 °C 



V CC - -1-5 

Vcc = max, 

R L = 2 kfl. 

Full range 

26 

26 

22 

V CC = MAX, 

R L > 10 kfi 

Full range 

27 28 

27 28 

23 24 

Vqi_ Low-level output voltage 

r l < io ka 

Full range 

5 20 

5 20 

5 100 

wm\ 
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Large-signal differential 
voltage amplification 

V C C = 15 V, 

V 0 = 1 V to 1 1 V. 

R|_ = > 2 kfi 

25°C 

50 100 

25 100 

100 

V/mV 

Full range 

25 

15 

15 

CMRR Common-mode rejection ratio 

Vcc = 5 V to MAX, 
V IC = V ICR min 

25 °C 

70 80 

65 80 

50 80 

dB 

Supply voltage rejection 
kSVR ratio (AVcc/A\/| 0) 

V C C = 5 V to MAX 

25°C 

65 100 

65 100 

50 100 

dB 

V 0 i/V 0 2 Crosstalk attenuation 

f = 1 kHz to 20 kHz 

25 °C 

120 

120 

120 

dB 

Iq Output current 

V C C = 15 V, 

V| D = 1 V, 

V 0 = 0 

25°C 

-20 -30 

-20 -30 

-20 -30 

mA 

Full range 

-10 

-10 

-10 

Vcc = 15 v, 

V| D = -1 V, 

V 0 = 15 V 

25 °C 

10 20 

10 20 

10 20 

Full range 

5 

5 

5 

V| D = -1 V, 

Vq = 200 mV 

25 °C 

12 30 

12 30 

30 

**A 

Short-circuit 

•os 

output current 

V C C at 5 V, 

GND at -5 V, 

V 0 = 0 

25 °C 

±40 ±60 

±40 ±60 

±40 ±60 

mA 

Supply current 

ice 

(two amplifiers) 

V 0 = 2.5 V, 

No load 

Full range 

0.7 1.2 

0.7 1.2 

0.7 1.2 

mA 

V C c = MAX, 

V 0 = 0.5 V CC , 

No load 

Full range 

1 2 

1 2 

1 2 


1" All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. "MAX” Vqc f° r testing purposes is 26 V for LM2904, 30 V 
for the others. Full range is -55°C to 125°C for LM158, -25 °C to 85 °C for LM258, 0°C to 70°C for LM358, and -40°C to 85°C for LM2904. 
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electrical chararacteristics at specified free-air temperature, \ 



PARAMETER 


v IO 

Input offset voltage 

<*VIO 

Average temperature coefficient 
of input offset voltage 

•io 

Input offset current 

«IIO 

Average temperature coefficient 
of input offset current 

>IB 

Input bias current 

V|CR 

Common-mode input 
voltage range 

VOH 

High-level output voltage 

V 0 L 

Low-level output voltage 


TEST CONDITK 

V C C = 5 V to 30 V 
V IC = V ICR min ' 

V 0 = 1.4 V 


V 0 = 1.4 V 


Vq = 1.4 V 


V CC 30 V 


R|_ > 2 kO 

V CC = 30 V ' 
R L = 2 kO 
Vrr = SOV. 




TYPES LM258A, LM358A 
DUAL OPERATIONAL AMPLIFIERS 


































Instruments 








Large-signal differential 
voltage amplification 

V C C = 15 V, 

V 0 = 1 V to 1 1 V, 

Rl = > 2 kQ 

25 °C 

50 100 

25 100 

V/mV 

Full range 

25 

15 

CMRR Common-mode rejection ratio 


25°C 

o 

00 

o 

o 

00 

uo 

CO 

dB 

Supply voltage rejection 
ratio (AVqq/AViq) 


25 °C 

65 100 

65 100 

dB 

V 0 i/Vo 2 Crosstalk attenuation 

f = 1 kHz to 20 kHz 

25°C 

120 

120 

dB 

Iq Output current 

V C C = 15 V, 

V| D = 1 V, 

v 0 = 0 

25°C 

20 30 60 

20 30 60 

mA 

Full range 

10 

10 

V C C = 15 V, 

V| D = -1 V, 

V 0 = 15V 

25°C 

10 20 

10 20 

Full range 

5 

5 

V| D = - 1 V, 

V 0 = 200 mV 

25°C 

12 30 

12 30 

HA 

lOS Short-circuit output current 

V C C at 5 V, 

GND at -5 V, 

V 0 = 0 

25 °C 

±40 ±60 

±40 ±60 

mA 

*CC Supply current (two amplifiers) 

V 0 = 2.5 V, 

No load 

Full range 

0.7 1.2 

0.7 1.2 

mA 

V C C = 30 V, 

V 0 = 15 V, 

No load 

Full range 

1 2 

2 


* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is -25°C to 85 °C for LM258A and 
0°C to 70 °C for LM358A. 
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LINEAR 

INTEGRATED TYPES LM218, LM318 

CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

D2219, JUNE 1976 — REVISED AUGUST 1983 

• Small-Signal Bandwidth ... 15 MHz Typ 

• Slew Rate ... 50 V/^s Min 

• Bias Current . . . 250 nA Max (LM218) 

• Supply Voltage Range ... ±5 V to ± 20 V 

• Internal Frequency Compensation 

• Input and Output Overload Protection 

• Same Pin Assignments as General-Purpose 
Operational Amplifiers 

description 

The LM218 and LM318 are precision, high-speed 
operational amplifiers designed for applications 
requiring wide bandwidth and high slew rate. They 
feature a factor-of-ten increase in speed over general 
purpose devices without sacrificing dc performance. 

These operational amplifiers have internal unity-gain 
frequency compensation. This considerably simplifies 
their application since no external components are 
necessary for operation. However, unlike most 
internally compensated amplifiers, external frequency compensation may be added for optimum performance. For 
inverting applications, feed-forward compensation will boost the slew rate to over 1 50 V//*s and almost double the 
bandwidth. Overcompensation may be used with the amplifier for greater stability when maximum bandwidth is not 
needed. Further, a single capacitor may be added to reduce the settling time for 0.1% error band to under 1 ps. 

The high speed and fast settling time of these operational amplifiers make them useful in A/D converters, oscillators, 
active filters, sample and hold circuits, and general purpose amplifiers. 

The LM218 is characterized for operation from -25°C to 85 °C, and the LM318 is characterized for operation from 
0°C to 70 °C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



LM218 

LM318 

UNIT 

Supply voltage, Vqq + (see Note 1) 

20 

20 

V 

Supply voltage, Vqq_ (see Note 1) 

-20 

-20 

V 

Input voltage (either input, see Notes 1 and 2) 

±15 

±15 

V 

Differential input current (see Note 3) 

±10 

±10 

mA 

Duration of output short-circuit (see Note 4) 

unlimited 

unlimited 


Continuous total power dissipation at (or below) 

25 °C free-air temperature (see Note 5) 

500 

500 

mW 

Operating free-air temperature range 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 

260 

260 

°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vqq_. 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will flow if a differential 
input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used. 

4. The output may be shorted to ground or either power supply. For the LM2 1 8 only, the unlimited duration of the short-circuit applies at (or below) 
85 °C case temperature or 75 °C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, LM218 and LM318 chips 
are glass-mounted. 
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D, JG, OR P DUAL-IN-LIIME PACKAGE 
(TOP VIEW) 

BAL/COMP [1l UsD COMP 2 
IN — C 2 7 H V C C + 

IN+ C 3 6 ] OUT 

VcC- D 4 5 3 BAL/COMP 3 


symbol 



- OUTPUT 
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TYPES LM218, LM318 

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (see Note 6) 


PARAMETER 

TEST CONDITIONS t 

LM218 

LM318 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

o 

o 

> 

25 °C 

2 4 

4 10 

mV 

Full range 

6 

15 

l|0 Input offset current 

o 

II 

o 

> 

25°C 

6 50 

30 200 

nA 

Full range 

100 

300 

l|B Input bias current 

< 

o 

II 

O 

25°C 

120 250 

150 250 

nA 

Full range 

500 

750 

Common-mode 

Vicr 

input voltage range 

Vcc± = ±15 V 

Full range 

±11.5 

±11.5 

V 

Maximum peak 
output voltage swing 

V C c± = ±15 V, 

R|_ = 2 kO 

Full range 

±12 ±13 

±12 ±13 

V 

Large-signal differential 
voltage amplification 

V C C± = ±15 V, 
V 0 = ±10 V, 

R|_ > 2 kfi 

25°C 

50 200 

25 200 

V/mV 

Full range 

25 

20 

B-| Unity-gain bandwidth 

V CC ± = ±15 V 

25 °C 

15 

15 

MHz 

rj Input resistance 


25°C 

1 3 

0.5 3 

Mfi 

CMRR Common-mode rejection ratio 

V IC = V ICR min 

Full range 

80 100 

70 100 

dB 

Supply voltage rejection ratio 
kSVR (AV CC /AV| 0 ) 


Full range 

70 80 

65 80 

dB 

*CC Supply current 

No load, 

V 0 = 0 

25 °C 

5 8 

5 10 

mA 

Full range 

4.5 7 



t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LM21 8 is - 25 °C 
to 85°C and for LM318 is 0°C to 70°C. 

NOTE 6: Unless otherwise noted, Vqq = ±5 V to ±20 V. All typical values are at Vq 0 ± = ± 15 V. 

operating characteristics, Vcc+ = 15 V, VqC- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP MAX 

UNIT 

SR 

Slew rate at Unity gain 

AV| = 1 0 V, 

Cl = 10 pF, See Figure 1 

50 

70 

V/ M s 


parameter measurement information 



VOLTAGE WAVEFORMS 

FIGURE 1-SLEW RATE 
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LINEAR 

INTEGRATED 

CIRCUITS 


Wide Range of Supply Voltages, Single or Dual 
Supplies 

Wide Bandwidth 
Large Output Voltage Swing 
Output Short-Circuit Protection 
Internal Frequency Compensation 


• Low Input Bias Current 

• Designed to be Interchangeable with National 
Semiconductor LM2900 and LM3900, 
Respectively 


TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

D2531 , JULY 1979— REVISED AUGUST 1983 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


#1 IN + Cl 
#2 IN + C 2 
#2 IN- C 3 
#2 OUT C4 
# 1 OUT C 5 
#1 IN- C 6 
GND C 7 


U 14 H Vcc 
13U #3 IN + 
12U #4 IN + 
11 D #4 IN- 
10 H #4 OUT 
9H #3 OUT 
8H #3 IN- 


description 

These devices consist of four independent, high-gain 
frequency-compensated Norton operational amplifiers 
that were designed specifically to operate from a 
single supply over a wide range of voltages. Operation 
from split supplies is also possible. The low supply 
current drain is essentially independent of the 
magnitude of the supply voltage. These devices 
provide wide bandwidth and large output voltage 
swing. 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



The LM2900 is characterized for operation from 
-40°C to 85 °C, and the LM3900 is characterized 
for operation from 0°C to 70 °C. 


schematic (each amplifier) 


INVERTING 

INPUT 

NONINVERTING 

INPUT 
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Operational Amplifiers 


TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





fmssMi 

Supply voltage, Vqq (see Note 1) 

32 

32 

V 

Input current 

20 

20 


Duration of output short circuit (one amplifier) to ground 
at (or below) 25 °C free-air temperature (see Note 2) 

unlimited 


■ 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 3) 

J Package 

1025 

1025 


N Package 

875 

875 

Operating free-air temperature range 

-40 to 85 


K9 

Storage temperature range 

-65 to 150 


E9 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

J Package 

300 

300 

m 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

N Package 

260 

260 




NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Short circuits from outputs to Vqq can cause excessive heating and eventual destruction. 

3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, LM2900 and LM3900 chips 
are glass-mounted. 


recommended operating comditions 



LM2900 

LM3900 

UNIT 

MIN MAX 

MIN MAX 

Input current (see Note 4) 

-1 

-1 

mA 

Operating free-air temperature, 

in 

00 

0 
*■ 

1 

o 

o 

°C 


NOTE 4: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately -0.3 volt. The negative input 
currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values of approximately - 1 mA. 
Negative input currents in excess of -4 mA will cause the output voltage to drop to a low voltage. These values apply for any one of the input 
terminals. If more than one of the input terminals are simultaneously driven negative, maximum currents are reduced. Common-mode current biasing 
can be used to prevent negative input voltages. 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc = 15 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

LM2900 

LM3900 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input bias current 

Im 

(inverting input) 

l|+ = o 

T A = 25 °C 

30 200 

30 200 

nA 

Ta = full range 



Mirror gain 

h + 

Change in mirror gain 

l| + =20 n A to 200 ix A, 

T/\ = full range, See Note 5 

0.9 1.1 

0.9 1.1 

fxA/ixA 

2 5 

2 15 

% 

Mirror current 

V| + = V|_, Ta = full range. 

See Note 5 

10 500 

10 500 

ix A 

Large-signal differential 
voltage amplification 

V 0 = 10 V, R L = 10 k (2, 

f = 100 Hz 

1.2 2.8 

1.2 2.8 

V/mV 

Input resistance 
r; 

(inverting input) 


1 

1 

Mfi 

r 0 Output resistance 


8 

8 

kfi 

Unity-gain bandwidth 

Bi 

(inverting input) 


2.5 

2.5 

MHz 

Supply voltage rejection 

ratio(AVcc/AV|C)) 


70 

70 

dB 

Vqh High-level output voltage 

•l + = o, 

l,_ = 0 

R L = 2 kfi 

13.5 

13.5 

V 

V C C = 30 V, 

No load 

29.5 

29.5 

Vol Low-level output voltage 

l| _l_ = 0, l| = 10 ix A, 

R|_ = 2 kfl 

0.09 0.2 

0.09 0.2 

V 

Short-circuit output current 

Iqhs 

(output internally high) 

< - 
O + 

ii II 

° P 

7 

o 

-6 -18 

-6 -10 

mA 

Pull-down current 


0.5 1.3 

0.5 1.3 

mA 

Iql Low-level output currentt 

l|- = 5 IX A, Vql = 1 V 

5 

5 

mA 

Supply current 

ice 

(four amplifiers) 

No load 

6.2 10 

6.2 10 

mA 


* All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for T^ is -40°C to 
85 °C for LM2900, and 0°C to 70 °C for LM3900. 

* The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input. 

NOTE 5: These parameters are measured with the output balanced midway between Vqq and ground. 


operating characteristics, Vqc± = ±15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

SR Slew rate at unity gain 

Low-to-high output 

V 0 = 10 V, C L = 100 pF, 

R L = 2 ki2 

0.5 

V/ M s 

High-to-low output 

20 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


INPUT BIAS CURRENT (INVERTING INPUT) 




-75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 

FIGURE 1 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 



10 k 100 k 1 M 10 M 
f-Frequency-Hz 

FIGURE 4 


MIRROR GAIN 
FREE-AIR TEMPERATURE 


SUPPLY VOLTAGE REJECTION RATIO 


1.20 

1.15 

1.10 

1 105 

0 

2 1 

1 

l 0.95 
J- 0.90 


1 1 

Vcc = 1 5 V 



































— 








1 
















z 






25 50 75 100 125 


Ta _ F ree-Air Temperature— C 

FIGURE 2 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 



Vcc-Supply Voltage— V 

FIGURE 5 



100 400 Ik 4k 10k 40k 100k 400k 1M 

f— Frequency— Hz 

FIGURE 3 

LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
FREE-AIR TEMPERATURE 
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-75 -50 -25 0 25 50 7§ 100 125 

Ta~ F ree-Air Temperature— °C 

FIGURE 6 


PEAK-TO-PEAK OUTPUT VOLTAGE 
FREQUENCY 



FIGURE 7 


LM2900 

SHORT-CIRCUIT OUTPUT CURRENT 
(OUTPUT INTERNALLY HIGH) 

SUPPLY VOLTAGE 


T 25 
d 20 

Sr 

0 15 

1 

9 10 


Vc 

•l+ 

"ll- 

= 







Ta = 

o°c 





z 






L 



Ta = 

25°C 


1 

r 






1 














i 10 15 20 25 

Vcc-Supply Voltage-V 

FIGURE 8 


LOW-LEVEL OUTPUT CURRENT 



10 15 20 25 

Vcc-Supply Voltage-V 

FIGURE 9 


^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 


3-50 


« 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


8E 







TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


PULL-DOWN CURRENT PULL-DOWN CURRENT TOTAL SUPPLY CURRENT 

SUPPLY VOLTAGE FREE-AIR TEMPERATURE SUPPLY VOLTAGE 



10 15 20 25 

30 

-75 -50 -25 0 25 50 75 100 125 

0 

5 10 15 20 

Vcc~ Su PPlY Voltage-V 


T^— Free-Air Temperature— °C 


Vcc - Supply Voltage— V 

FIGURE 10 


FIGURE 11 


FIGURE 12 
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Operational Amplifiers 


TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 



Norton (or current-differencing) amplifiers can be used in most standard general-purpose op-amp applications. 
Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard integrated-circuit operational 
amplifier operating from dual supplies. Operation of the amplifier can best be understood by noting that input currents 
are differenced at the inverting input terminal and this current then flows through the external feedback resistor to 
produce the output voltage. Common-mode current biasing is generally useful to allow operating with signal levels 
near (or even below) ground. 

Internal transistors clamp negative input voltages at pproximately -0.3 volt but the magnitude of current flow has 
to be limited by the external input network. For operation at high temperature, this limit should be approximately 
- 100 microamperes. 

Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical 
since coupling from the output to the noninverting input can cause oscillations. Care must also be exercised when 
driving either input from a low-impedance source. A limiting resistor should be placed in series with the input lead 
to limit the peak input current. Current up to 20 milliamperes will not damage the device but the current mirror on 
the noninverting input will saturate and cause a loss of mirror gain at higher current levels, especially at high operating 
temperatures. 


V+ 



OUTPUT 


Iq a* 1 mA per input volt 

FIGURE 13-VOLTAGE-CONTROLLED CURRENT SOURCE 


V+ 



FIGURE 14-VOLTAGE-CONTROLLED CURRENT SINK 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES MCI 558, MCI 458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

D972, FEBRUARY 1971 -REVISED AUGUST 1983 


Short-Circuit Protection 

Wide Common-Mode and Differential Voltage 
Ranges 

IMo Frequency Compensation Required 
Low Power Consumption 
No Latch-up 


MCI 558 . . . JG PACKAGE 
MCI 458 . . . D, JG, OR P PACKAGE 
(TOP VIEW) 


AMPL 

#1 


r out c 

< IN- C 

L IN+ C 
vcc- C 


7U7 

2 7 

3 6 

4 5 


H vcc 

3 OUT 
□ IN — 
3 IN + 


+ 



AMPL 

#2 


• Designed to be Interchangeable with Motorola 
MCI 558/MCI 458 and Signetics 
S5558/N5558 


description 

The MCI 558 and MCI 458 are dual general-purpose 
operational amplifiers with each half electrically similar 
to uA741 except that offset null capability is not 
provided. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit protected and the internal frequency 
compensation ensures stability without external 
components. 

The MCI 558 is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C; 
the MCI 458 is characterized for operation from 0 °C 
to 70 °C. 


MCI 558, MCI 458 . . . U FLAT PACKAGE 
(TOP VIEW) 


AMPL 
# 


I PL f 

1 l 


NC C 
OUT C 
IN- H 
IN + d 

vcc- C 


D NC 

D vcc + 

D OUT 
H IN 
3 IN 




AMPL 

#2 


MCI 558 . 


FH OR FK PACKAGE 
(TOP VIEW) 

S i 

(J r_ o oo 
Z =«= 2 > Z 



?2 OUT 



NC— No internal connection 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 
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Operational Amplifiers 


TYPES MCI 558, MCI 458 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 




NOTES: 1 . All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and V^c - • 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the MCI 558 only, the unlimited duration of the short-circuit applies at (or 
below) 125°C case temperature or 70 °C free-air temperature. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, MCI 558 chips are alloy mounted, 
MCI 458 chips are glass mounted. 
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TYPES MCI 558, MCI 458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = 15 V, Vqc - = - 1 5 V 


PARAMETER 

TEST CONDITIONS + 

MCI 558 

MCI 458 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

< 

o 

II 

o 

25°C 

1 5 

1 6 

mV 

Full range 

6 

7.5 

l|0 Input offset current 

o 

II 

O 

> 


20 200 

20 200 

nA 

Full range 

500 

300 

l|B Input bias current 

< 

o 

II 

o 


80 500 

80 500 

nA 

Full range 

1500 

800 

Common-mode 

V|CR 

input voltage range 



±12 ±13 

±12 ±13 

V 

Full range 

±12 

±12 

. . Maximum peak 

v OM * * 

output voltage swing 

R L = 10 kfi 

25°C 

±12 ±14 

±12 ±14 

V 

R L > 10 kfi 

Full range 

±12 

±12 

Ca 

CM 

II 

—I 

oc 

25°C 

±10 ±13 

±10 ±13 

R L > 2 kfl 

Full range 

±10 

±10 

Large-signal differential 
voltage amplification 

R L > 2 kfi, 

V 0 = ±10 V 

25 °C 

50 200 

20 200 

V/mV 

Full range 

25 

15 

Maximum-output-swing 
bandwidth (closed-loop) 

R L = 2 kfi, 

Vq > ±10 V, 

Avd = i. 

THD < 5% 

25 °C 

14 

14 

kHz 

B-| Unity-gain bandwidth 


25 °C 

1 

1 

MHz 

<j> m Phase margin 

> 

< 

o 

II 

25 °C 

65° 

65° 


A m Gain margain 


25 °C 

11 

11 

dB 

rj Input resistance 


25°C 

0.3 2 

0.3 2 

Mfi 

r 0 Output resistance 

V 0 = 0, 

See Note 6 

25 °C 

75 

75 

fi 

Cj Input capacitance 


25°C 

1.4 

1.4 

pF 

Common-mode 

Zj c 

input impedance 

f = 20 Hz 

25°C 

200 

200 

Mfi 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min ' Vq = 0 

25°C 

o 

CO 

o 

70 90 

dB 

Full Range 

70 

70 

Supply voltage 
ks\/S sensitivity 

(AV|o/AVcc) 

V CC = ± 9 V to ± 1 5 V, 

v 0 = 0 

25°C 

30 150 

30 150 

mV/v 

Full range 

150 

150 

Equivalent input 

V n noise voltage 

(closed-loop) 

Avd = ioo, 

Rs = 0, 

f = 1 kHz, 

BW = 1 Hz 

25°C 

45 

45 

nVA/IHz 

Short-circuit 

■os 

output current 


25 °C 

±25 ±40 

±25 ±40 

mA 

Supply current 

■cc 

(both amplifiers) 

No load, 

Vq = 0 

25 °C 

3.4 5 

3.4 5.6 

mA 

Full range 

6.6 

6.6 

Total power dissipation 
(both amplifiers) 

No load, 

Vq = 0 

25 °C 

100 150 

100 170 

mW 

Full range 

200 

200 

V 0 i/V 0 2 Crosstalk attenuation 


25 °C 

120 

120 

dB 


^ All characteristics are specified under open-loop operating conditions with zero common-mode input voltage unless otherwise specified. Full range for MCI 558 
is - 55 °C to 1 25°C and for MCI 458 is 0°C to 70 °C. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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Operational Amplifiers 


TYPES MCI 558, MC1458 

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, VCC+ = 15 V, Vcc- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MCI 558 

MCI 458 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

t r Rise time 

V| = 20 mV, R L = 2 k 0, 

Cl = 100 pF, See Figure 1 

0.3 

0.3 

US 

Overshoot factor 

5% 

5% 


SR Slew rate at unity gain 

V| = 10 V, R L = 2 kfi. 

Cl = 100 pF, See Figure 1 

0.5 

0.5 

y/iis 


PARAMETER MEASUREMENT INFORMATION 



V| 


INPUT 


0 V 


INPUT VOLTAGE 
WAVEFORM 



FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 


\ 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 

D2517, FEBRUARY 1979 -REVISED SEPTEMBER 1983 


• Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V 
or Dual Supplies 

• Class AB Output Stage 


MC3503 . . . J PACKAGE 
MC3303, MC3403 . . . D, J. OR N PACKAGE 
(TOP VIEW) 


• True Differential Input Stage 

• Low Input Bias Current 

• Internal Frequency Compensation 

• Short-Circuit Protection 

• Designed to be Interchangeable with Motorola 
MC3503, MC3303, MC3403 


AMPL 

# 


AMPL 

#2 


rf- 

IJN + 

V C 

{ 


z 
z 
z 

v C c+ C 

IN+ C 
IN- 

out n 


tt: 


□ 6 


ft OUT' 
IN- 
J IN H 

3 v cc- 

3 in + 

3 IN- 
U OUT „ 


a 

} 


AMPL 

#4 


AMPL 

#3 


description 

The MC3503, MC3303, and the MC3403 are quadruple operational amplifiers similar in performance to the uA741 
but with several distinct advantages. They are designed to operate from a single supply over a range of voltages from 
3 volts to 36 volts. Operation from split supplies is also possible provided the difference between the two supplies 
is 3 volts to 36 volts. The common-mode input range includes the negative supply. Output range is from the negative 
supply to Vqq - 1.5 V. Quiescent supply currents are less than one-half those of the uA741. 



The MC3503 is characterized for operation over the full military temperature range of — 55 °C to 1 25 °C. The MC3303 
is characterized for operation from -40°C to 85 °C, and the MC3403 is characterized for operation from 0° to 70°. 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 

INPUT IN- 


OUTPUT 
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Operational Amplifiers 


TYPES MC3503, MC3303, MC3403 

QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



MC3503 

MC3303 

MC3403 

UNIT 

Supply voltage Vcq + (see Note 1) 

18 

18 

18 

V 

Supply voltage Vcc _ (see Note 1 ) 

-18 

-18 

-18 

V 

Supply voltage Vcc+ with respect to Vcc- 

36 

36 

36 

V 

Differential input voltage (see Note 2) 

±36 

±36 

±36 

V 

Input voltage (see Notes 1 and 3) 

±18 

±18 

±18 

V 

Continuous total power dissipation at (or below) 

25 °C free-air temperature (see Note 4) 

D package 


960 

960 

mW 

J package 

1375 

1025 

1025 

N package 


875 

875 

Operating free-air temperature range 

-55 to 125 

-40 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

J package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or N package 


260 

260 

°C 


NOTES: 1. These voltage values are with respect to the midpoint between Vqq + and Vcq_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal. 

3. Neither input must ever be more positive then Vqq + or more negative than Vcc-- 

4 . For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, MC3503 chips are alloy mounted, 
MC3303 and MC3403 chips are glass mounted. 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature; Vqc + = 14 V, VcC- = 0 V for MC3303; 
VCC± = ±15 V for MC3403 and MC3503 


PARAMETER 

TEST CONDITIONS r 

MC3503 

MC3303 

MC3403 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

See Note 5 

25 °C 

2 5 

2 8 

2 10 

mV 

Full range 

6 

10 

12 

Temperature 

<x V |0 coefficient of 

input offset voltage 

See Note 5 

Full range 

10 

10 

10 

mV/°C 

l |0 Input offset current 

See Note 5 

25 °C 

30 50 

30 75 

30 50 

nA 

Full range 

200 

250 

200 

Temperature 

a||Q coefficient of 

input offset current 

See Note 5 

Full range 

50 

50 

50 

pA/°C 

l |3 Input bias current 

See Note 5 

25 °C 

-0.2 -0.5 

-0.2 -0.5 

-0.2 -0.5 

fA 

Full range 

-1.5 

-1 

-0.8 

Common-mode input 
V| C R + 

voltage ranged 


25°C 

V CC- V CC- 

to to 

13 13.5 

V CC- v cc- 

to to 

12 12.5 

v cc- V CC - 

to to 

13 13.5 

V 

Peak output 

v OM l+ 

voltage swing 

R L = 10 kfi 

25 °C 

±12 ±13.5 

12 12.5 

±12 ±13.5 

V 

R L = 2 kfl 

25 °C 

±10 ±13 

10 12 

±10 ±13 

R L = 2 kfi 

Full range 

±10 

10 

±10 

Large-signal differential 

a VD 

voltage amplification 

v 0 = ±10 V, 

R L = 2 kfi 

25°C 

50 200 

20 200 

20 200 

V/mV 

Full range 

25 

15 

15 

Maximum-output- 

Bqm 

swing bandwidth 

V 0PP = 20 V, 

a V d = T 

THD < 5%, 

R l = 2 kfi 

25 °C 

9 

9 

9 

kHz 

Unity-gain bandwidth 

V 0 = 50 mV, 

R L = 10 kfi 

25 °C 

1 

1 

1 

MHz 

4> m Phase margin 

C L = 200 pF, 

R L = 2 kfi 

25°C 

60° 

60° 

60° 


rj Input resistance 

f = 20 Hz 

25 °C 

0.3 1 

0.3 1 

0.3 1 

Mfi 

r Q Output resistance 

f = 20 Hz 

25 °C 

75 

75 

75 

fi 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min 

25 °C 

70 90 

70 90 

70 90 

dB 

Supply voltage 

k SVS sensitivity 

(AV|q/AVcc) 

Vcc = ±2.5 to 

±15 V 

25 °C 

30 150 

30 150 

30 150 

,*V/V 

Short-circuit 

'os 

output current! 


25 °C 

±10 ±30 ±45 

±10 ±30 ±45 

±10 ±30 ±45 

mA 

Iqq Total supply current 

No load. 

See Note 5 

25°C 

2.8 4 

2.8 7 

2.8 7 

mA 


* All characteristics are measured under open-loop conditions with zero common-mode voltage unless other specified. Full range for T/\ -55°C to 125°C 
for MC3503, -40°C to 85 °C for MC3303, and 0°C to 70 °C for MC3403. 

*The V|cr limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vcc±- 
§Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

NOTE 5: V| 0 , l|Q. '|B' and 'CC are defined at V 0 = 0 for MC3403 and MC3503, and V 0 = 7 V for MC3303. 


33 

, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


3-59 


Operational Amplifiers 


Operational Amplifiers 


TYPES MC3503, MC3303, MC3403 

QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc+ = 5 V, VcC- = 0 V, Ta = 25 °C (unless otherwise noted) 


3 


operating characteristics, Vcc+ = 14 V, Vqc- = 0 V for MC3303; Vcc± = ±15 V for MC3403 and 
MC3503; Ta = 25 °C, A\/D = 1 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MC3503 

MC3303 

MC3403 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V |o Input offset voltage 

V 0 = 2.5 V 

2 5 

10 

2 10 

mV 

l|0 Input offset current 

V 0 = 2.5 V 

30 50 

75 

o 

o 

CO 

nA 

l |5 Input bias current 

V 0 = 2.5 V 

-0.2 -0.5 

-0.5 

-0.2 -0.5 

PA 

Peak output 

v OM .. . t 

voltage swing + 

R l = 10 kfi 

3.3 3.5 

3.3 3.5 

3.3 3.5 

V 

R L = 10 kfl, 

V CC+ = 5 V to 30 V 

V CC + -1.7 

< 

O 

n 

+ 

V CC + -1-7 

Large-signal differential 

A\/D 

voltage amplification 

V 0 = 1.7 V to 3.3 V, 

R L = 2 kQ 

20 200 

20 200 

20 200 

V/mV 

Supply voltage 

k SVS sensitivity 

(AV| 0 /AV CC± ) 

V CC = ±15 V to ±2.5 V 

150 

150 

150 

AiV/V 

*CC Supply current 

No load, V 0 = 2.5 V 

2.5 4 

2.5 7 

2.5 7 

mA 

v o1^ v o2 Crosstalk attenuation 

f = 1 kHz to 20 kHz 

120 

120 

120 

dB 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 
^Output will swing essentially to ground. 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

SR Slew rate at unity gain 

V| = ±10 V, C L = 100 pF, R L = 2 kft, 

See Figure 1 

0.6 

V/fis 

t r Rise time 

AV 0 = 50 mV, C L = 100 pF, R L = 10 kO, 

See Figure 1 

0.35 

A S 

tf Fall time 

0.35 

IXS 

Overshoot factor 

20% 


Crossover distortion 

V| P p = 30 mV, V 0PP = 2 V, f = 10 kHz 

, 1% 



PARAMETER MEASUREMENT INFORMATION 



FIGURE 1 -UNITY-GAIN AMPLIFIER 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


INPUT BIAS CURRENT 
FREE-AIR TEMPERATURE 


Vcc 

:± = ± 

5 V 






- 

— 

— 











s v 




























































-75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 

FIGURE 2 


MAXIMUM PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 



INPUT BIAS CURRENT 
SUPPLY VOLTAGE 



IVcc ± I— Supply Voltage-V 

FIGURE 3 


MAXIMUM PEAK OUTPUT VOLTAGE 



Ik 4 k 10 k 40 k 100 k 400 k 1 M 


f— Frequency— Hz 

FIGURE 5 



LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
FREQUENCY 

106 

| 

| 105 

15. 

< 104 

8. 

> 103 

I 102 

Q 

° 10 

< 


1 10 100 Ik 10k 100 k 1 M 

f— Frequency— Hz 

FIGURE 6 



VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 



FIGURE 7 


*Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Operational Amplifiers 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES NE5532, NE5S32A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

D2563, NOVEMBER 1979-REVISED AUGUST 1983 


• Equivalent Input Noise 

Voltage 5 nV/VHz Typ at 1 kHz 


• Unity-Gain Bandwidth 10 MHz Typ 

• Common-Mode Rejection Ratio .... 100 dB Typ 

• High DC Voltage Gain 100 V/mV Typ 

• Peak-to-Peak Output Voltage 

Swing ... 32 V Typ with Vqc± = ±18 V and 
R|_ = 600 Q 

• High Slew Rate 9 V/fis Typ 


NE5532, NE5532A . . . JG OR P 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1 LJ 8 

2 7 

3 6 

4 5 


+ 


• Wide Supply Voltage Range ... ± 3 V to ± 20 V 


• Designed to be Interchangeable with Signetics 
NE5532 and NE5532A 


description 

The NE5532 and NE5532A are monolithic high-performance operational amplifiers combining excellent dc and ac 
characteristics. They feature very low noise, high output drive capability, high unity-gain and maximum-output-swing 
bandwidths, low distortion, high slew rate, input-protection diodes, and output short-circuit protection. These operational 
amplifiers are internally compensated for unity gain operation. The NE5532A has guaranteed maximum limits for 
equivalent input noise voltage. 



The NE5532 and NE5532A are characterized for operation from 0°C to 70 °C. 


symbol (each amplifier) 

NONINVERTING 
INPUT IN + 
INVERTING 
INPUT IN - 



OUTPUT 


schematic (each amplifier) 
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Operational Amplifiers 


TYPES NE5532, NE5532A 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc + (see Note D 22 V 

Supply voltage, Vcc- ( see Note D -22 V 

Input voltage, either input (see Notes 1 and 2) Vcc± 

Input current (see Note 3) ±10 mA 

Duration of output short-circuit (see Note 4) unlimited 

Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5): 

JG package 825 mW 

P package 725 mW 

Operating free-air temperature range: NE5532, NE5532A 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 260 °C 


NOTES: 



1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc-- 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 

3. Excessive input current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs 
unless some limiting resistance is used. 

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure 
the maximum dissipation rating is not exceeded. 

5. For operation above 25 °C free-air temperature, refer to the Dissipation Derating Curves in Section 2. In the JG package, chips 
are glass-mounted. 
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TYPES NE5532, NE5532A 
DUAL LOW NOISE OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc± = ±15 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

NE5532, NE5532A 

UNIT 

MIN TYP MAX 

V io Input offset voltage 

o 

II 

o 

> 

T A = 25 °C 

LO 

6 

mV 

T a = 0°C to 70°C 

5 

1 1 o Input offset current 

T a = 25 °C 

10 150 

nA 

T a = 0°C to 70°C 

200 

l|B Input bias current 

T A = 25°C 

200 800 

nA 

T A = 0°C to 70°C 

1000 

Common-mode input 

V|CR 

voltage range 


±12 ±13 

V 

Maximum peak-to-peak 

Vnpp 

output voltage swing 

RL > 600 n 

V CC ± ±15 V 

24 26 

V 

V CC ± = ±18 V 

30 32 

Large-signal differential 
voltage amplification 

R L > 600 Q, 

V 0 = ±10 V 

T a = 25 °C 

15 50 

V/mV 

T a = 0°C to 70 °C 

10 

R L > 2 kG, 

V 0 = ±10 V 

T a = 25 °C 

25 100 

T a = 0°C to 70°C 

15 

Small-signal differential 

A v h 

voltage amplification 

f = 10 kHz 

2.2 

V/mV 

®0M Maximum-output- 

swing bandwidth 

R L = 600 G, V 0 = ±10 V 

140 

kHz 

R L = 600 0, V CC± - ±18 V, V 0 = ±14 V 

100 

^ Unity-gain 

bandwidth 

R L = 600 G, C L = 100 pF 

10 

MHz 

rj Input resistance 


30 300 

kQ 

z G Output impedance 

Avd = 30 dB, RL = 600 Q, f = 10 kHz 

0.3 

0 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min 

70 100 

dB 

Supply voltage 
kgvR rejection ratio 

(A V CC± /A V I0> 

V C C ± ~ ± 9 V to ± 1 5 V, V 0 = 0 

80 100 

dB 

Output short-circuit 

■os 

current 


38 

mA 

ICC Total supply current 

No load, Vq = 0 

8 16 

mA 

V 0 i/V 0 2 Crosstalk attenuation 

V G i = 10 V peak, f = 1 kHz 

110 

dB 


1^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


operating characteristics, Vcc± = ±15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

NE5532 

NE5532A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

SR Slew rate at unity gain 


9 

9 

V/jaS 

Overshoot factor 

V| = 100 mV, Avd = 1, 

R L = 600 0, C L = 100 pF 

10% 

10% 


y Equivalent input 

h noise voltage 

f = 30 Hz 

8 

o 

00 

nV/VHz 

f = 1 kHz 

5 

5 6 

Equivalent input 

In 

noise current 

f = 30 Hz 

2.7 

2.7 

pA/VHz 

f = 1 kHz 

0.7 

0.7 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES OP-07C, OP-07D, OP-07E 
ULTRA-LOW-OFFSET-VOLTAGE OPERATIONAL AMPLIFIERS 

D2757, OCTOBER 1983 


• Ultra-Low Offset Voltage . . . 30 jiV Typ 
(OP-07E) 

• Ultra-Low Offset Voltage Temperature 
Coefficient ... 0.3 /*V/° C Typ (OP-07E) 

• Ultra-Low Noise 

• No External Components Required 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

OFFSET N1 
IN- 
IN + 

Vcc- 


NC — No internal connection 


1 U 8 

2 7 

3 6 

4 5 


H OFFSET N2 

H v cc + 

D OUT 
H NC 


• Replaces Chopper Amplifiers at a Lower 
Cost 


• Single-Chip Monolithic Fabrication 

• Wide Input Voltage Range 

0 to ± 14 V Typ 

• Wide Supply Voltage Range 

±3 V to ±18 V 

• Essentially Equivalent to Fairchild ^A714 
Operational Amplifiers 

• Direct Replacement for PMI OP-07C, 
OP-07D, OP-07E 



description 

These devices represent a breakthrough in operational amplifier performance. Low offset and long-term stability are 
achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For most applications, no 
external components are required for offset nulling and frequency compensation. The true differential input, with a 
wide input voltage range and outstanding common-mode rejection, provides maximum flexibility and performance 
in high-noise environments and in noninverting applications. Low bias currents and extremely high input impedances 
are maintained over the entire temperature range. The OP-07 is unsurpassed for low-noise, high-accuracy amplification 
of very-low-level signals. 


These devices are characterized for operation from 0°C to 70 °C. 
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Operational Amplifiers 


TYPES 0P-07C, OP-07D, OP-07E 

ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note D 22 V 

Supply voltage Vcc- -22 V 

Differential input voltage (see Note 2) ±30 V 

Input voltage (either input, see Note 3) ±22 V 

Duration of output short circuit (see Note 4) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 500 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 260 °C 


NOTES: 1 . All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and ^CC - • 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, these chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vcc ± = ± 1 5 V (unless otherwise noted) 


PARAMETER 



OP-7C 

OP-7D 

OP-7E 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

v IO 

Input offset voltage 

< 

O 

ll 

O 

Rg = 50 fi 

25 °C 


60 

150 


60 

150 


30 

75 

/tV 

0°C to 70 °C 


85 

250 


85 

250 


45 

130 

“VIO 

Temperature coefficient of 

input offset voltage 

< 

o 

II 

o 

Rg = 50 fi 

0°C to 70 °C 


0.5 

1.8 


0.7 

2.5 


0.3 

1.3 

mV/°C 

Long-term drift of 

input offset voltage 

See Note 6 

0.4 

0.5 

0.3 

/tV/mo 

Offset adjustment range 

Rg = 20 kfi. 

See Figure 1 

25 °C 

±4 

±4 

±4 

mV 

>10 

Input offset current 



25°C 


0.8 

6 


0.8 

6 


0.5 

3.8 

nA 



0°C to 70 °C 


1.6 

8 


1.6 

8 


0.9 

5.3 

«IIO 

Temperature coefficient of 

input offset current 


0°C to 70 °C 


12 

50 


12 

50 


8 

35 

pA/°C 

<IB 

Input bias current 



25 °C 


±1.8 

±7 


±2 

±12 


±1.2 

±4 

nA 



0°C to 70 °C 


±2.2 

±9 


±3 

±14 


±1.5 

±5.5 

«IIB 

Temperature coefficient of 

input bias current 


0°C to 70 °C 


18 

50 


18 

50 


13 

35 

pA/°C 

V ICR 

Common-mode input 



25 °C 

±13 

±14 


±13 

±14 


±13 

±14 



voltage range 



0°C to 70 °C 

±13 

±13.5 


±13 

±13.5 


±13 

±13.5 


V 



R l > 10 kfi 


±12 

±13 


±12 

±13 


±12.5 

±13 



v OM 

Peak output voltage 

R L > 2 kfl 

25 °C 

±11.5 

±12.8 


±11.5 

±12.8 


±12 

±12.8 



R L > 1 kfi 


*« 

*,2 

±10.5 

±12 


V 



R L £ 2 kfi 

0°C to 70 °C 

±11 

±12.6 



±12.6 


±12 

±12.6 



a VD 

Large-signal differential 

V CC± = ±3V, 
R l > 500 kfi 

V 0 = ±0.5 V, 

25°C 

100 

400 


400 

150 

400 


V/mV 

voltage amplification 

V 0 = ±10 V, 


25°C 

120 

400 


120 

400 


200 

500 




R L - 2 kO 

0°C to 70 °C 

100 

400 


100 

400 


180 

450 



Bl 

Unity gain bandwidth 


25°C 

0.4 

0.6 


0.4 

0.6 


0.4 

0.6 


MHz 

rj Input resistance 


25°C 

8 

33 


7 

31 


15 

50 


Mfi 

CMRR 

Common-mode 

V, c = ±13 V, 

Rg = 50 fi 

25°C 

100 

120 


94 

110 


106 

123 


dB 

rejection ratio 

0°C to 70 °C 

97 

120 


94 

106 


103 

123 


k SVS 

Supply voltage sensitivity 

V C c± = ±3 V to ±18 V, 

25°C 


7 

32 


7 

32 


5 

20 

/tV/V 

(AV|o/AV cc ) 

Rg = 50 fi 


0°C to 70 °C 


10 

51 


10 

51 


7 

32 



< 

O 

II 

O 

No load 



80 

150 


80 

150 


75 

120 


PD 

Power dissipation 

V CC ± = ± 3 V, 

No load 

< 

O 

O 

25 °C 


4 

8 


4 

8 


4 

6 

mW 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted. 

NOTE 6: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty.lt is an engineering estimate of 
the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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Operational Amplifiers 


TYPES OP-07C, OP-07D, OP-07E 

ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc± = ±15 V (unless otherwise noted) 


PARAMETER 


OP-7C 

OP-7D 

OP-7E 

UNIT 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Equivalent input 

noise voltage 


f = 10 Hz 


10.5 

20 


10.5 

20 


10.3 

18 


v n 

T a - 25 °C 

f = 100 Hz 


10.2 

13.5 


10.3 

13.5 


10.0 

13 

nV/VRz 



f = 1 kHz 


9.8 

11.6 


9.8 

11.5 


9.6 

11 


V NPP 

Peak-to-peak 

equivalent input 

noise voltage 

f = 0.1 Hz to 10 Hz, 

T a = 25 °C 


0.38 

0.65 


0.38 

0.65 


0.35 

0.6 



Equivalent input 

noise current 


f = 10 Hz 


0.35 

0.9 


0.35 

0.9 


0.32 

0.8 


•n 

T a * 25 °C 

f = 100 Hz 


0.15 , 

0.27 


0.15 

0.27 


0.14 

0.23 

pA/VHz 



f = 1 kHz 


0.13 

0.18 


0.13 

0.18 


0.12 

0.17 


'NPP 

Peak-to-peak 

equivalent input 

noise current 

f = 0.1 Hz to 10 Hz, 

T a = 25 °C 


15 

35 


15 

35 


14 

30 

PA 

SR 

Slew rate 

R L > 2 k£l. 

T A = 25°C 

0.1 

0.3 


0.1 

0.3 


0.1 

0.3 


V//xs 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES OP- 12 A, 0P-12B, OP-12C, OP-1 2E, OP-1 2F, OP-12G 
PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 


D2817, OCTOBER 1983 


• Internally Frequency Compensated 

• Improved Version of LM108 

• Direct Replacement for PMI OP-12A, 
OP-12B, OP-12C, OP-12E, OP-12F, and 
OP-12G. 

description 


OP-12A, OP-12B, OP-12C . . . J<3 PACKAGE 
OP-12E, OP-12F, OP-12G . . . D, JG, OR P PACKAGE 
(TOP VIEW) 

Nc^rorp nc 

IN-C2 7]V CC + 

IN+C 3 6 u OUT 

Vcc- [> 5 H NC 


The OP-12 devices are precision low-input- 
current internally compensated operational 
amplifiers. The devices are improved versions of 
the LM 1 08 series. The OP-1 2 amplifiers exhibit 
low input bias current and input offset voltage 
and current to improve the accuracy of high- 
impedance circuits using these devices. The 
devices feature short-circuit protection and 
internal frequency compensation. 

The OP-12A, OP-12B, and OP-12C are 
characterized for operation over the full military 
temperature range of -55°C to 125°C. The 
OP-1 2E, OP-1 2F, and OP-1 2G are characterized 
for operation from 0°C to 70 °C. 


NC — No internal connection 

symbol 

NON INVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 


3 



DEVICE FEATURES 


PARAMETER 

OP-12A 

OP-12E 

OP-12B 

OP-12F 

OP-12C 

OP-12G 

Input offset voltage (Max) 

150 

300 mV 

1000 mV 

Temperature coefficient of input offset voltage (Max) 

2.5 mV/°C 

3.5 mV/°C 

10 mV/°C 

Input offset current (Max) 

200 pA 

200 pA 

500 pA 

Input bias current (Max) 

2 nA 

2 nA 

5 nA 

Common-mode input voltage range 

±13 V 

±13 V 

±13 V 

Power dissipation (Max) 

6 mW 

6 mW 

8 mW 


33 
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Operational Amplifiers 


TYPES 0P-12A, 0P-12B, 0P-12C, 0P-12E, 0P-12F, 0P-12G 
PRECISION LOWINPUT-CURRENT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over free-air temperature range (unless otherwise noted) 




OP- 12 A, OP-12B 

OP-12E, OP-12F 

UNIT 



OP-12C 

OP-12G 

Supply voltage, Vcc + (see Note 1 ) 

20 

18 

V 

Supply voltage, Vcc - < se e Note 1 ) 

-20 

-18 

V 

Input voltage (either input, see Note 2) 

±15 

±15 

V 

Differential input current (see Note 3) 

±10 

±10 

mA 

Duration of output short circuit (see Note 4) 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 

500 

500 

mW 

Operating free-air temperature range 

-55 to 125 

Oto 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

°C 



NOTES: 1. 
2 . 
3. 


All voltage values, except otherwise noted, are with respect to the midpoint between V^c + and Vqc - • 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

The inputs are shunted with back-to-back diodes for input overvoltage protection. Therefore, excessive current will flow if a differential voltage 
in excess of 1 volt is applied between the inputs unless some limiting resistance is provided. 

The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 
is not exceeded. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG packages, OP-1 2A, OP-1 2B, and OP-1 2C 
chips are alloy-mounted; OP-12E, OP-12F, and OP-12G chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vqc± = ±20 V for OP-12A and OP-12B, ± 15 V for OP-12C 
(unless otherwise noted) 


PARAMETER 


0P-12A 

OP-12B 

OP-12C 

UNIT 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

v IO 

Input offset 


25°C 


0.07 

0.15 


0.18 

0.3 

0.25 1 


voltage 


- 55 °C to 125°C 


0.12 

0.35 


0.28 

0.6 

0.4 

2 

mV 


Average temperature 












“VIO 

coefficient of 

o 

ii 

o 

> 

- 55 °C to 125°C 


0.5 

2.5 


1 

3.5 

1.5 

10 

mV/°C 


input offset voltage 












ho 

Input offset 


25°C 


0.05 

0.2 


0.05 

0.2 

0.08 

0.5 

nA 

current 


-55 °C to 125°C 


0.12 

0.4 


0.12 

0.4 

0.18 1 


Average temperature 












“IIO 

coefficient of 

o 

o 

> 

- 55 °C to 125°C 


0.5 

2.5 


0.5 

2.5 

1 

5 

pA/°C 


input offset current 












hB 

Input bias current 


25 °C 


0.8 

2 


0.8 

2 

1 5 

nA 


-55°C to 1 25°C 


1.2 

3 


1.2 

3 

1.8 

10 

V ICR 

Common-mode 

input voltage 

range 

V CC = ±15 V 

25 °C 

±13 

±14 


±13 

±14 


±13 ±14 


-55 °C to 1 25 °C 

±13 

±14 


±13 

±14 


±13 ±14 

V 



V CC± = ±15 V, R l = 10 kQ 

25°C 

±13 

±14 


±13 

±14 


±13 ±14 


v OM 

peak output 

voltage swing 

V CC± = ±15 V, R L = 2 kfl 

±10 

±12 


±10 

±12 


±10 ±12 


V CC± = ±15 V, R l = 10 kfi 

- 55 °C to 1 25°C 

±13 

±14 


±13 

±14 


±13 ±14 



V CC± = ±15 V, R l = 5 kQ 

±10 

±13 


±10 

±13 


±10 ±12 



Large-signal 

V 0 = ±10 V, R L > 10 kfi 

25°C 

80 

300 


80 

300 


40 250 


a VD 

differential 

V 0 = ±10 V, R L > 2 kS2 

50 

150 


50 

150 


100 

V/mV 


voltage amplification 

V 0 = ±10 V, R L > 5 kfi 

- 55 °C to 1 25 °C 

40 

120 


40 

120 


15 80 


Bi 

Unity-gain 

bandwidth 

a VD = 1 

O 

to 

CM 

0.8 

0.8 

0.8 

MHz 

rj Input resistance 


25°C 

26 

70 


26 

70 


10 50 

MG 

r o 

Output resistance 


25 °C 

200 

200 

200 

n 

CMRR 

Common-mode 

V| C = ± 1 3 V 

25°C 

104 

120 


104 

120 


84 116 

dB 

rejection ratio 

- 55 °C to 125°C 

100 

116 


100 

116 


80 112 

k SVR 

Supply voltage 

rejection ratio 

(AVcc±/ v IO> 

V CC = ±5 V to ± 1 5 V 

25°C 

104 

120 


104 

120 


84 116 

dB 

-55°C to 125°C 

100 

116 


100 

116 


80 112 

PD 

Power dissipation 

V CC ± = ±15 V, V 0 = 0, 

No load 

-55°C to 1 25 °C 


9 

18 


9 

18 

15 

24 

mW 

V CC ± = ±5 V, V 0 = 0, 

No load 

25°C 


3 

6 


3 

6 

4 

8 

'cc 

Supply current 

V CC ± = ±15 V, V 0 =0, 

No load 

25 °C 


0.3 

0.6 


0.3 

0.6 

0.4 

0.8 

mA 


^ All characteristics are specified under open-loop conditions with zero common-mode input voltage, unless otherwise noted. 
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Operational Amplifiers 


TYPES OP- 12 A, 0P-12B, 0P-12C 

PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 


operating characteristics at 25 °C free-air temperature, Vcc± = ±20 V for OP-12A and 
0P-12B, ±15 V for 0P-12C (unless otherwise noted) 


3 


PARAMETER 

TEST CONDITIONS^ 

OP-12A 

OP-12B 

OP-12C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

^ Slew rate at 
unity gain 

R L > 2 kQ 

0.12 

0.12 

0.12 

V/fJLS 

y Equivalent input 

n noise voltage 

f = 10 Hz 

22 

22 

22 

nVVHz 

f = 100 Hz 

21 

21 

21 

f = 1000 Hz 

20 

20 

20 

Equivalent input 

noise current 

f = 10 Hz 

0.15 

0.15 

0.15 

pAVHz 

f = 100 Hz 

0.14 

0.14 

0.14 

f = 1000 Hz 

0.13 

0.13 

0.13 

Peak-to-peak 

V NPP • 

input noise voltage 

f = 0.1 Hz to 10 Hz 

0.9 

0.9 

0.9 

nv 

Peak-to-peak 
l|\IPP . 

input noise current 

f = 0.1 Hz to 10 Hz 

3 

3 

3 

PA 


^ All characteristics are specified under open-loop conditions with zero common-mode input voltage, unless otherwise noted. 
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electrical characteristics at specified free-air temperature, Vqc± = ±20 V for OP-12E and OP-12F, ± 15 V for OP-12G 
(unless otherwise noted) 


PARAMETER 


OP-12E 

OP-12F 

OP-12G 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


v IO 

Input offset 

Vo = 0, R s = 50 fi 

25°C 


0.07 

0.15 


0.18 

0.3 

0.25 1 


voltage 

0°C to 70 °C 


0.1 

0.26 


0.23 

0.45 


0.32 

1.4 



Average temperature 













“VIO 

coefficient of 

o 

O 

> 

0°C to 70 °C 


0.5 

2.5 


1 

3.5 

■ 

1.5 

10 

pV/° C 


input offset voltage 













! IO 

Input offset 

o 

ii 

o 

> 

25 °C 


0.05 

0.2 


0.05 

0.2 


0.08 

0.5 

nA 

current 

0°C to 70 °C 


.0.08 

0.3 


0.11 

0.6 


0.12 

0.7 


Average temperature 













<*110 

coefficient of 

< 

o 

II 

o 

0°C to 70 °C 


0.5 

2.5 


1 

5 


1 

5 

pA/°C 


input offset current 

__ 












>IB 

Input bias current 

< 

o 

II 

o 

25°C 


0.8 

2 


0.8 

2 

1 5 

nA 

0°C to 70 °C 

1 2.6 


1.2 

5.2 


1.4 

6.5 

V ICR 

Common-mode 

Vqc = ±15 V 

25 °C 

±13 

±14 


±13 

±14 


±13 

±14 



input voltage range 

0°C to 70 °C 

±13 

±14 


±13 

±14 


±13 

±14 




Maximum 

peak output 

voltage swing 

V CC± = ±15 V, R L > 10 kfi 

25 °C 

±13 

±14 


±13 

±14 


±13 

±14 



v OM 

V CC± = ±15 V, R L > 2 kfi 

±10 

±12 


±10 

±12 


±10 

±12 


v 

V CC± = ±15 V, R l > 10 kfl 

0°C to 70 °C 

±13 

±14 


±13 

±14 


±13 

±14 




V CC± = ±15 V, R l > 5 kfi 

±10 

±12 


±10 

±12 


±10 

±12 




Large-signal 

V 0 = ±10 V, R|_ > 10 kfl 

25°C 

80 

300 


80 

300 


40 

250 



a VD 

differential 

Vq = ±10 V, R L > 2 kfi 

50 

150 


50 

150 


100 

V/mV 

voltage 

V 0 = ±10 V, R L > 10 kfi 

0°C to 70 °C 

25 

100 


15 

100 


80 


amplification 

V Q = ±10 V, R L > 2 kO 

60 

200 


60 

200 


25 

150 



b OM 

Maximum-output 

swing bandwidth 

a vd = i 

25°C 

0.8 

0.8 

0.8 

MHz 

| rj Input resistance 


25 °C 

26 

70 


26 

70 


10 

50 


Mfi 

r o 

Output resistance 


25°C 

200 

200 

200 

n 


Common-mode 

V, c = ±13 V, R S = 50 0, 

25 °C 

104 

120 


102 

120 


84 

116 


dB 


rejection ratio 

o 

li 

o 

> 

0°C to 70 °C 

100 

116 


100 

116 


80 

112 


k SVR 

Supply voltage 

rejection ratio 

(AV C c ±/V| 0 ) 

v cc = ±5 V to ±15 V, 

25°C 

104 

120 


102 

120 


84 

116 


dB 

V 0 = 0, R S = 50 0 

0°C to 70 °C 

100 

116 


100 

116 


80 

112 


PD 

Power dissipation 

V CC ± = ±15 V, V Q = 0, 

No load 

0°C to 70 °C 


9 

18 


9 

18 


15 

24 

mW 

V CC ± = ±5 V, V 0 = 0, 

No load 

25°C 


3 

6 


3 

6 


4 

8 

>CC 

Supply current 

V CC± = ±15 V, V 0 = 0, 

No load 

25°C 


0.3 

0.6 


0.3 

0.6 


0.4 

0.8 

mA 


^ All characteristics are specified under open-loop conditions with zero common-mode input voltage, unless otherwise noted. 
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Operational Amplifiers 


TYPES 0P-12E, 0P-12F, 0P-12G 

PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 


operating characteristics at 25 °C free-air temperature, Vcc + = ±20 V for 0P-12E and 0P-12F, 
± 15 V for 0P-12G (unless otherwise noted) 



PARAMETER 

TEST CONDITIONS t 

OP-12E 

OP-12F 

OP-12G 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Slew rate at 

SR 

unity gain 

R[_ > 2 kfl 

0.12 

0.12 

0.12 

V//iS 

v Equivalent input 

n noise voltage 

f = 10 Hz 

22 

22 

22 

nVVHz 

f = 100 Hz 

21 

21 

21 

f = 1000 Hz 

20 

20 

20 

Equivalent input 

In 

noise current 

f = 10 Hz 

0.15 

0.15 

0.15 

pAVHz 

f = 100 Hz 

0.14 

0.14 

0.14 

f = 1000 Hz 

0.13 

0.13 

0.13 

Peak-to-peak 

Vrupp 

input noise voltage 

f = 0 J Hz to 10 Hz 

0.9 

0.9 

0.9 

AtV 

Peak-to-peak 

•npp . 

input noise current 

f = 0.1 Hz to 10 Hz 

3 

3 

3 

pA 


^ All characteristics are specified under open-loop conditions with zero common-mode input voltage, unless otherwise noted. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES 0P-227E, 0P-227F, 0P-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 


■ • Low Offset Voltage . . . 20 /*V Typ 
I (OP-227E) 

I • Low Coefficient of Input Offset 
I Voltage ... 0.4 A tV/°C Typ (0P-227F) 

I • Low Equivalent Input Noise Voltage: 

3 nV/Vfiz Typ at f = 1 kHz (OP-227E 
and OP-227F) 

0.2 AtV p_p Max at f = 0.1 to 10 Hz 
(OP-227E and OP-227F) 

• High Slew Rate . . . 2.8 V//xs Typ 

• High Voltage Amplification ... 1.8 x 10^ 
Typ at R|_ > 2 kQ (OP-227E and OP-227F) 

• Direct Replacements for PMI OP-227E, 
OP-227F, OP-227G 


02805, OCTOBER 1983 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


#1 OFFSET Z 

7T 

J 14 

D #i v C c + 

# 1 OFFSET £ 

2 

13 

J # 1 OUT 

#1 IN- £ 

3 

12 

H # i vcc- 

#1 IN 4- Z 

4 

11 

2 #2 IN + 

#2 V C C- Z 

5 

10 

2 #2 IN- 

#2 OUT Z 

6 

9 

2 H2 OFFSET 

#2V CC+ Z 

7 

8 

2 #2 OFFSET 


symbol (each amplifier) 


description 

The OP-227 family of dual operational amplifiers 
offers low offset, low noise, and high slew rates. 
The temperature coefficient of input offset 
voltage is typically only 0.4 /*v/°C for the 
OP-227F. Both the OP-227E and OP-227F 
achieve typical voltage gains of 1 .8 million with 
a 2-kQ load, and both have maximum peak-to- 
peak noise voltage of 0.2 microvolts and 
equivalent input noise voltage of typically 
3 nV/VHz. The 2.8-V/^s slew rate and 
8-Megahertz bandwidth bring a high level of 
performance to instrumentation designs. These 
devices usually require no external components 
for offset nulling or frequency compensation. 

The OP-227E, OP-227F, and OP-227G will be 
characterized for operation over the temperature 
range of -25°C to 85 °C. 
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Operational Amplifiers 


TYPES 0P-227E, 0P-227F, 0P-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 


schematic (each half of amplifier) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltages, Vqc (see Note 1) ±22 V 

Differential input current (see Note 2) ±25 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 3): 

J package 1025 mW 

N package 875 mW 

Operating free-air temperature range -25°C to 85 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260°C 


NOTES: 1 . All voltage values, except differential input voltage, are with respect to the midpoint between Vqc + an d ^CC - • 

2. Because of the back-to-back diodes protecting the differential inputs, input current can become excessive if differential input voltage reaches 
approximately 0.7 volts. 

3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, OP-227 chips are glass mounted. 
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electrical characteristics at specified free-air temperature, Vcc ± = ± 1 5 V (unless otherwise noted) 


PARAMETER 



OP-227E 

OP-227F 

OP-227G 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

V| 0 

Input offset voltage 

< 

O 

o 

R S = 50 0 

25°C 


20 

80 


40 

120 


60 

180 

mV 

- 25°C to 85 °C 


40 

140 


60 

200 


85 

280 

«VIO 

Temperature coefficient 

Rp = 8 kO to 20 kQ (nulled) 

- 25°C to 85 °C 





0.4 



0.5 


mV/°C 

of input offset voltage 

Unnulled 

- 25°C to 85 °C 








Long-term drift of 

input offset voltage 

See Note 4 

0.2 1 


0.3 

1.5 


0.4 

2 

/*V/mo 

Offset adjustment range 

Rp = 10 kO, 

25°C 

±4 

*4 


mV 

<10 

Input offset current 

< 

O 

II 

o 

25 °C 


7 

35 


9 

50 


12 

75 

nA 

-25°C to 85 °C 


10 

50 


14 

85 


20 

135 

>IB 

Input bias current 

o 

o 

> 

25 °C 


±10 

±40 


±12 

±55 


±15 

±80 

nA 

-25°C to 85 °C 


±14 

±60 


±18 

±95 


±25 

±150 

V ICR 

Common-mode input 



25 °C 

±11 

±12.3 


±11 

±12.3 


±11 

±12.3 



voltage range 



-25°C to 85 °C 

±10.5 

±11.8 


±10.5 

±11.8 


±10.5 

±11.8 




Maximum output 

voltage swing 

R l > 600 kO 

25 °C 

±10 

±11.5 


±10 

±11.5 


±10 

±11.5 



v OM 

R L > 2 kO 

±12 

±13.8 


±12 

±13.8 


±11.5 

±13.5 


V 


- 25°C to 85 °C 

±11.7 

±13.6 


±11.4 

±13.5 


±11 

±13.3 




Large-signal differential 

voltage amplification 

V CC ± = ±4 V, V 0 = ±1 V, 

R l > 600 0 

25 °C 

250 

700 


250 

700 


200 

500 



a VD 

Vq = ±10 V, 

R l > 1 kO 

800 

1500 


800 

1500 


1500 

V/mV 


V 0 = ±10 V, 

R L > 2 kO 


1000 

1800 


1000 

1800 


700 

1500 





- 25 °C to 85 °C 

750 

1500 


700 

1500 


450 

1000 



rj Input resistance 

Differential-mode 

25°C 

1.5 

6 


1.2 

5 


0.8 

4 


MO 

Common-mode 


2.5 

* 

GO 

CMRR 

Common-mode 


V| C = ±11 v 

25 °C 

114 

126 


106 

123 


100 

120 


dB 

rejection ratio 


V| C = ±10 V 

- 25 °C to 85 °C 

110 

124 


102 

121 


96 

118 


k SVS 

Supply voltage 

Vq 0 ± = ±4 V to ±18 V, 

25°C 

1 10 

1 10 


2 

20 

fiV/V 

sensitivity (AV|q/A Vqq) 

V CC± = ±4.5 V to ±18 V 

-25°C to 85 °C 


2 

15 


2 

16 


2 

32 

PD 

Power dissipation 

(each amplifier) 

o 

II 

O 

> 

25 °C 


90 

140 


90 

140 


90 

140 

mW 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted. 

NOTE 4: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It is an engineering estimate 
of the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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Operational Amplifiers 


TYPES OP -227E, OP 227F, 0P-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 




Operational Amplifiers 


TYPES 0P-227E, 0P-227F, OP-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vqc - ±15 V, Ta = 25 °C 





OP-227E 

OP-227F 

OP-227G 


PAR 

AMETER 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Bl 

Unity-gain 

bandwidth 


5 

8 


5 

8 


5 

8 


MHz 

SR 

Slew rate at 

unity gain 


1.7 

2.8 


1.7 

2.8 


1.7 

2.8 


V//4S 

V NPP 

Peak-to-peak 

equivalent input 

noise voltage 

f = 0.1 Hz to 10 Hz, 

R S = 100 fi 


0.08 

0.2 


0.08 

0.2 


0.09 

0.28 

M V 


Equivalent input 
noise voltage 

f = 10 Hz, R s = 100 0 


3.5 

6 


3.5 

6 


3.8 

9 


v n 

f = 30 Hz, R s = 100 Q 


3.1 

4.7 


3.1 

4.7 


3.3 

5.9 

nV/VH? 


f = 1000 Hz, R s = 100 fl 


3 

3.9 


3 

3.9 


3.2 

4.6 



Equivalent input 

noise current 

f = 10 Hz 


1.7 

4.5 


1.7 

4.5 

1.7 


*n 

f = 30 Hz 

1 2.5 

1 2.5 

1 

pA/VHz 


f = 1 kHz 


0.4 

0.7 


0.4 

0.7 


0.4 

0.7 


Vol/Vo2 

Crosstalk 

attenuation 

Ay = 100 

126 

154 


126 

154 


126 

154 


dB 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPE RC4559 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER 


D2785, OCTOBER 1983 


• Matched Gain and Offset Between Amplifiers 

• Unity-Gain Bandwidth ... 3 MHz Min 

• Slew Rate ... 1.5 V/ ns Min 

Low Equivalent Input Noise Voltage 
... 2 jtV/VHz Max (20 Hz to 20 kHz) 

• No Frequency Compensation Required 

• No Latch Up 

• Wide Common-Mode Voltage Range 

• Low Power Consumption 

• Designed to be Interchangeable with Raytheon 
RC4559 


description 


D OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


< OUT [1 Us] Vcc + 

AMP #1 <J IN- C 2 7 ] OUTl 

IjN-f C3 6 □ IN — > AMP #2 
Vcc- Cf IN+ . 


2 + 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 



The RC4559 is a dual high-performance operational amplifier. The high common-mode input voltage and 
the absence of latch-up make this amplifier ideal for low-noise signal applications such as audio preamplifiers 
and signal conditioners. This amplifier features a guaranteed dynamic performance and output drive 
capability that far exceeds that of the general-purpose type amplifiers. 

The RC4559 is characterized for operation from 0°C to 70 °C. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 18V 

Supply voltage Vcc- (see Note 1) -18V 

Differential input voltage (see Note 2) ±30 V 

Input voltage (any input, see Notes 1 and 3) ±15 V 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) unlimited 

Continuous total dissipation 500 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°Cto125°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 


NOTES: 1 . All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the zero reference 
level is the midpoint between Vcq + and Vcc-- 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 
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Operational Amplifiers 


TYPE RC4559 

DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature, Vcc + = 15 V, Vcc - = - 1 5 V 


PARAMETER 

TEST CONDITIONS* 

MIN 

TYP 

MAX 

UNIT 

V|0 

Input offset voltage 

Vq = 0 

25 °C 


2 

6 


0°C to 70 °C 

7.5 

mV 

ho 

Input offset current 

o 

II 

O 

> 

25 °C 


5 

100 

nA 

0°C to 70 °C 

200 

•iB 

Input bias current 

o 

II 

O 

> 

25°C 


40 

250 


0°C to 70 °C 

500 


V| 

Input voltage range 


25°C 

±12 

±13 


V 


Maximum peak 
output voltage swing 

R[_ 2: 3 kfi 

25°C 

±12 

±13 



v OM 

R L = 600 0 

25 °C 

±9.5 

±10 


V 


R L > 2 kfi 

0°C to 70 °C 

±10 


a VD 

Large-signal differential 

Vo = ±10 V, 

25°C 

20 

300 


V/mV 

voltage amplification 

R L = 2 kfi 

0°C to 70 °C 

15 

Bom 

Maximum output-swing bandwidth 

V Q pp = 20 V, 

R L = 2 kfi 

25°C 

24 

32 


kHz 

Bl 

Unity-gain bandwidth 


25 °C 

3 

4 


MHz 

r i 

Input resistance 


25 °C 

0.3 1 

Mfi 

CMRR 

Common-mode rejection ratio 

o 

ll 

o 

> 

25°C 

80 

100 


dB 

k SVS 

Supply voltage sensitivity 

(AV|q/AVcc) 

O 

II 

o 

> 

O 

in 

CM 


10 

75 

fiVN 

v n 

Equivalent input noise voltage 
(closed-loop) 

a vd — ioo, 

RS = 1 kQ, 
f = 20 Hz to 20 kHz 

25 °C 


1.4 

2 


*n 

Equivalent input noise current 

f = 20 Hz to 20 kHz 

25°C 

25 

pA 


Supply current 
(both amplifiers) 

No load, 

No signal 

25 °C 


3.3 

5.6 


'cc 

0°C 


4 

6.6 

mA 


O 

o 

O 

P' 


3 

5 




A\/D = ioo, 

RS = 1 kQ, 
f = 10 kHz 

25°C 

90 

HP 


25°C 

90 

UD 


f All characteristics are specified under open-loop operation, unless otherwise noted. 


matching characteristics at Vcc + = 15 V, Vcc- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V|Q Input offset voltage 

< 

O 

II 

o 

±0.2 

mV 

l|0 Input offset current 

v 0 - o 

±7.5 

nA 

l|B Input bias current 

o 

ll 

O 

> 

±15 

nA 

Large-signal differential 

Avd 

voltage amplification 

V 0 = ±10 V, R L = 2 kfi 

±1 

dB 


operating characteristics, VqC+ = 15 V, VcC- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

t r Rise time 

V| = 20 mV, R|_ = 2 kfi, 

C L = 100 pF 

80 

MS 

Overshoot 

18% 


SR Slew rate at unity gain 

V| = 10 V, R L = 2 kfi, 

C L = 100 pF 

1.5 2 

Vl/is 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

D2142, MARCH 1976-REVISED SEPTEMBER 1983 


• Continuous-Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage 
Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-Up 

• Unity Gain Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 


AMPL 

#1 

AMPL 

#2 


D, J. OR N DUAL-IN-LINE 
OR W FLAT PACKAGE 
(TOP VIEW) 



AMPL 

#4 


AMPL 

#3 


• Designed to be Interchangeable with Raytheon 
RM4136, RV4136, and RC4136 

• Low Noise ... 8 nV/VFta Typ at 1 kHz 
description 

The RM4136, RV4136, and RC4136 are quad high- 
performance operational amplifiers with each amplifier 
electrically similar to uA741 except that offset null 
capability is not provided. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit protected and the internal frequency 
compensation ensures stability without external 
components. 

The RM41 36 is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C, 
the RV4136 is characterized for operation from 
-40°C to 85 °C, and the RC4136 is characterized 
for operation from 0°C to 70 °C. 


RM4136 

FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 


+ 1 I + 

z z z z 


(J 


#1 OUT ]4 
NC ] 5 
#2 OUT ]6 
NC ] 7 
# 2 IN + ]8 


TZTTZT 

3 2 


18 [ #4 OUT 
17 [ NC 

16 [ vcc + 

15[ NC 
14 [ #3 OUT 


9 10 11 12 13 


I I o I + 

z o z z z 

- (J 

CM > 00 CO 

=tfc =«= % 


NC — No internal connection 


3 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 


3 
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Operational Amplifiers 


TYPES RM41 36, RV4136, RC4136 

QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


vcc+ 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 


3 


V CC- 



OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



RM4136 

RV4136 

RC4136 

UNIT 

Supply voltage Vcc + (see Note 1) 

22 

18 

18 

V 

Supply voltage Vqq _ (see Note 1 ) 

-22 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (any input, see Notes 1 and 3) 

±15 

±15 

±15 

V 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 

800 

800 

800 

mW 

Operating free-air temperature range 

-55 to 125 

-40 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

- 65 to 1 50 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 

FH, FK, J, or W package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 10 seconds 

D or N package 


260 

260 


NOTES: 1. 

2 . 

3. 

4. 

5. 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vqc + and VcC - ■ 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, RM41 36 chips are alloy-mounted; 
RV4136 and RC4136 chips are glass-mounted. 


9 

3-84 , Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 




TYPES RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vqc + = 15 V, Vcc - = - 1 5 V 


PARAMETER 

TEST CONDITIONS * 

RM4136 

RV4136 

RC4136 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

< 

O 

II 

o 

25 °C 

0.5 4 

' 0.5 6 

0.5 6 

mV 

Full range 

6 

7.5 

7.5 

l|Q Input offset current 

o 

ll 

O 

> 

25 °C 

5 150 

5 200 

5 200 

nA 

Full range 

500 

500 

300 

l|g Input bias current 

< 

o 

II 

o 

25 °C 

1 40 400 

140 500 

140 500 

nA 

Full range 

1500 

1500 

800 

Vj Input voltage range 


25 °C 

±12 ±14 

±12 ±14 

±12 ±14 

V 

Maximum 

peak 

V ° M ♦ t 

output voltage 

swing 

R l = 10 kQ 

25 °C 

±12 ±14 

±12 ±14 

±12 ±14 

V 

R L = 2 kfl 

25 °C 

±10 ±13 

±10 ±13 

±10 ±13 

R L 2: 2 kO 

Full range 

±10 

±10 

± 10 

Large-signal 

AyQ differential voltage 

amplification 

V 0 = ±10 V, 

R L > 2 kQ 

25°C 

50 350 

20 300 

20 300 

V/mV 

Full range 

25 

15 

15 

Unity-gain 

Bf 

bandwidth 


25°C 

3.5 

3 

3 

MHz 

rj Input resistance 


25 °C 

0.3 5 

0.3 5 

0.3 5 

M0 

Common-mode 

CMRR 

rejection ratio 

V 0 = 0, 

R S = 50 n 

25 °C 

70 90 

70 90 

70 90 

dB 

Supply voltage 
kgvs sensitivity 

(AViq/AVcc) 

Vqq = ±9 V to 

±15 V, 

V 0 = 0 

25 °C 

30 150 

30 150 

30 150 

#tV/V 

Equivalent input 

V n noise voltage 

(closed-loop) 

a V d = ioo, 

BW = 1 Hz, 

f = 1 kHz, 

R S = 100 Q- 

25 °C 

8 

8 

8 

nVVHz" 

Supply current 

ice 

(All four amplifiers) 

V 0 = 0, 

No load 

25 °C 

(5 11.3 

5 11.3 

5 11.3 

mA 

MIN T a 

6 13.3 

6 13.7 

6 13.7 

MAX T a 

4.5 10 

4.5 10 

4.5 10 

Total power 

P[) dissipation 

(All four amplifiers) 

V 0 = 0, 

No load 

O 

io 

CM 

1 50 340 

1 50 340 

1 50 340 

mW 

MIN T a 

1 80 400 

00 

o 

8 

180 400 

MAX T a 

1 35 300 

1 35 300 

1 35 300 

Crosstalk 

V °1 /V ° 2 ** ,■ 

attenuation 

A VD = 100, 

f = 10 kHz 

Rg = 1 kQ 

25 °C 

105 

105 

105 

dB 


^All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 55 °C to 1 25 °C 
for RM4136, -40°C to 85°C for RV4136, and 0°C to 70°C for RC4136. 


operating characteristics, Vcc+ = 15 V, Vqq_ = - 1 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

RM4136 

RV4136, RC4136 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

*r Rise Time 

V| = 20 mV, R L = 2 kQ, 

C L = 100 pF 

0.13 

0.13 

/tS 

Overshoot factor 

5% 

5% 

SR Slew rate at unity gain 

Vj = 10 V, R L = 2 k«, 

C L = 100 pF 

1.7 

1.7 

V/jts 


}3 

, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


3-85 


Operational Amplifiers 



Operational Amplifiers 
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LINEAR TYPES RM4558, RV4558, RC4558 

INTEGRATED DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

CIRCUITS 

D2141, MARCH 1976-REVISED FEBRUARY 1984 


• Continuous-Short-Circuit Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 


D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMPL 

#1 


( OUT C 
IN- C 
IN+ C 

vcc- C 


1 U sp 

2 7H 

3 6 ] 

4 5 ] 


Vcc 

OUT 

IN 

IN 


+ 

} 


AMPL 

#2 


• No Latch-up 


• Unity Gain Bandwidth 3 MHz Typical 


• Gain and Phase Match Between Amplifiers 

• Low Noise ... 8 nV/VHz Typ at 1 kHz 

• Designed to be Interchangeable with 
Raytheon RM4558, RV4558, and RC4558 


description 

The RM4558, RV4558, and RC4558 are dual general-purpose operational amplifiers with each half 
electrically similar to uA741 except that offset null capability is not provided. 

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short-circuit protected and the internal frequency 
compensation ensures stability without external components. 



The RM4558 is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C; 
the RV4558 is characterized for operation from -40°C to 85 °C; and the RC4558 is characterized for 
operation from 0°C to 70 °C. 


schematic (each amplifier) 



84 
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Operational Amplifiers 


TYPES RM4558, RV4558, RC4558 

DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



RM4558 

RV4558 

RC4558 

UNIT 

Supply voltage Vcc + ( see Note 1 ) 

22 

18 

18 

V 

Supply voltage Vcc - (see Note 1 ) 

-22 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (any input, see Notes 1 and 3) 

±15 

±15 

±15 

V 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 

680 

680 

680 

mW 

Operating free-air temperature range 

-55 to 125 

-40 to 85. 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

260 

°C 



NOTES: 1. 
2 . 

3. 

4. 

5. 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vcc-- 
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG packages, RM4558 chips are alloy 
mounted; RV4558 and RC4558 chips are glass mounted. 
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electrical characteristics at specified free-air temperature, Vqc + = 15 V, Ccc - = 

I RM4558 ~ 

PARAMETER TEST CONDITIONS + 


Input offset voltage 
Input offset current 


Input bias current 

Common-mode 
input voltage range 

Maximum output 
voltage swing 

Large-signal differential 
voltage amplification 


Unity-gain bandwidth 

Input resistance 
Common-mode rejection ratio 
Supply voltage sensitivity 

(AV|q/AVcc) 

Equivalent input 
noise voltage 
(closed-loop) 

Supply current 
(Both amplifiers) 

Total power dissipation 
(Both amplifiers) 


R|_ = 10 kfi 
Rl_ - 2 kfl 
R|_ > 2 kfl 
R|_ > 2 kfi, 
V 0 = ±10 V 


Vcc = ± 1 5 V 

to ±9 V 
A\/D = 100- 
Rs = ioo n, 

f = 1 kHz, 

BW = 1 Hz 


25 °C 
Full range 
25 °C 
Full range 


25 °C 
25 °C 
Full range 
25 °C 
Full range 


25 °C 
25 °C 
25 °C 


RM4558 

RV4558 


RC4558 

TYP MAX 

MIN TYP MAX 

MIN 

TYP MAX 

0.5 5 

0.5 6 


0.5 6 

6 

7.5 


7.5 

5 200 

5 200 


5 200 

500 

500 


300 

140 500 

1 40 500 


1 50 500 

1500 

1500 


800 



Crosstalk 

attenuation 


Open loop 
A\/D = ioo 


R S = 1 kO, 
f = 10 kHz 


25 °C 

8 


8 

8 

25 °C 

2.5 

5.6 

2.5 

5.6 

2.5 

5.6 

MIN T A 

3 

6.6 

3 

6.6 

3 

6.6 

MAX T A 

2 

5 

2.3 

5 

2.3 

5 

25°C 

75 

170 

75 

170 

75 

170 

MIN T A 

90 

200 

90 

200 

90 

200 

MAX T a 

60 

150 

70 

150 

70 

150 

25 °C 

85 


85 

85 

25 °C 

105 


105 

105 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is -55°C to 125°C for RM4558, 
for RV4558, and 0°C to 70 °C for RC4558. 
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Operational Amplifiers 


TYPES RM4558, RV4558, RC4558 

DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc + = 15 V, Vcc - = - 1 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

RM4558 

RV4558 

RC4558 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

t r Rise time 

V| = 20 mV, R L = 2 k 0, 
C L = 100 pF 

0.13 

0.13 

0.13 

ns 

Overshoot 

5% 

5% 

5% 


Slew rate at 

unity gain 

V| = 10 V, R l = 2 kfi, 

C|_ = 100 pF 

1.3 1.7 

1.3 1.7 

1.3 1.7 

V/fis 



3-90 


, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



LINEAR 

INTEGRATED 

CIRCUITS 


Equivalent Input Noise Voltage 
3.5 nV/V~Rz Typ 

Unity-Gain Bandwidth 10 MHz Typ 

Common-Mode Rejection Ratio 
100 dB Typ 


High DC Voltage Gain 


100 V/mV Typ 


Peak-to-Peak Output Voltage Swing 
32 V Typ with Vqc± = ±18 V and 
R|_ = 600 ft 

High Slew Rate 13 V/^s Typ 

Wide Supply Voltage Range 
±3 V to ±20 V 

Low Harmonic Distortion 

Designed to be Interchangeable with Signetics 
SE5534, SE5534A, NE5534, and NE5534A 


symbol 



-OUTPUT 


TYPES SE5534, SE5534A, NE5534, NE5S34A 
LOW NOISE OPERATIONAL AMPLIFIERS 

D2532, JULY 1979-REVISED AUGUST 1983 


SE5534, SE5534A . . . JG 
NE5534, NE5534A . . . JG or P 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

BALANCE Hi UsH COMP/BAL 
IN- C 2 7] V C C + 

IN+ C3 6 J OUT 

V C C- Cl 5 H COMP 


SE5534, SE5534A 
U FLAT PACKAGE 
(TOP VIEW) 

NC d 


BALANCE Q 2 
IN- C3 
IN + Q 4 

vcc- O 



3 NC 

2 COMP/BAL 

2 vcc + 

7 2 OUT 
6 2 C0MP 


SE5534, SE5534A 
FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 

_i 

< 

CD 


o < o o u 

Z CD Z O Z 



NC — No internal connection 



description 

The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operational amplifiers combining 
excellent dc and ac characteristics. Some of the features include very low noise, high output drive capability, high 
unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate. 

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of the 
frequency response for various applications can be obtained by use of an external compensation capacitor between 
COMP and COMP/BAL. The devices feature input-protection diodes, output short-circuit protection, and offset-voltage 
nulling capability. 

The SE5534A and NE5534A have guaranteed maximums on equivalent input noise voltage. 

The SE5534 and SE5534A are characterized for operation over the full military temperature range of - 55 °C to 1 25 °C; 
the NE5534 and NE5534A are characterized for operation from 0°C to 70 °C. 
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Operational Amplifiers 


TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


schematic 


BALANCE COMPENSATION/BALANCE COMPENSATION 



All component values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ (see Note 1 ) 22 V 

Supply voltage, V£C- (see Note 1) -22 V 

Input voltage either input (see Notes 1 and 2) Vcc + 

Input current (see Note 3) ±10 mA 

Duration of output short-circuit (see Note 4) unlimited 

Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) 

FH package (see Note 6). 1200 mW 

FK package (see Note 6) 1375 mW 

SE5534, SE5534A in JG package 1050 mW 

NE5534, NE5534A in JG package 825 mW 

P package 725 mW 

U package 675 mW 

Operating free-air temperature range: SE5534, SE5534A -55°C to 125°C 

NE5534, NE5534A 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, JG, or U package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc + ar| d Vqc-- 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless some limiting 
resistance is used. 

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation 
rating is not exceeded. 

5. For operation above 25 °C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In the JG package, SE5534 and SE5534A 
chips are alloy-mounted; NE5534 and NE5534A chips are glass-mounted. 

6. For FH and FK packages, power rating and derating factor will vary with actual mounting technique used. The values stated here are believed 
to be conservative. 
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TYPES SE5534.SE5534A, NE5534, NE5S34A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc± = ± 15 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

SE5534, SE5534A 

NE5534, NE5534A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

V 0 = 0, 

R S = 50 0 

T A = 25 °C 

0.5 2 

0.5 4 

mV 

Ta = full range 

3 

5 

l|0 Input offset current 

V 0 = 0 

T A = 25 °C 

10 200 

20 300 

nA 

T A = full range 

500 

400 

l |3 Input bias current 

V 0 = 0 

T A = 25 °C 

400 800 

500 1 500 

nA 

Ta = full range 

1500 

2000 

Common-mode 

V|CR 

input voltage range 


±12 ±13 

±12 ±13 

V 

Maximum peak-to-peak 

Vopp 

output voltage swing 

r L > 600 0 

V CC± = ± 1 5 V 

24 26 

24 26 

V 

V CC ± = ±18 V 

30 32 

30 32 

Large-signal differential 

Avn 

voltage amplification 

V 0 = ±10 V, 

R|_ 2: 600 fi 

o 

o 

10 
CM 

11 

< 

1- 

50 100 

25 100 

V/mV 

T A = full range 

25 

15 

Small-signal differential 
va voltage amplification 

f = 10 kHz 

c c = o 

6 

6 

V/mV 

C C = 22 pF 

2.2 

2.2 

Maximum-output-swing 

bandwidth 

Vq = ±10 V, c c = o 

200 

200 

kHz 

V 0 = ±10 V, C C = 22 pF 

95 

95 

V CC± = ±18 V, Vq = ±14 V, 

R L = 600 fl, Cc = 22 pF 

70 

70 

B-| Unity-gain bandwidth 

C C = 22 pF, C L = 100 pF 

10 

10 

MHz 

rj Input resistance 


50 100 

30 100 

k!2 

z Q Output impedance 

A\/d = 80 dB, R|_ = 600 0, 

C C = 22 pF, f = 10 kHz 

0.3 

0.3 

S2 

Common-mode 

CMRR 

rejection ratio 

Vo = 0, Vie = V|CR min, 

R S = 50 Q 

80 100 

70 100 

dB 

Supply voltage 
ksvR rejection ratio 
(AVcc/AViq) 

V CC± = ±9 V to ±15 V, 

Vq = 0, R S = 50 Q 

86 100 

80 100 

dB 

Output short-circuit 

'os 

current 


38 

38 

mA 

IqC Supply current 

No load, 

Vq = 0 

T A = 25 °C 

4 6.5 

4 8 

mA 

T a = full range 

9 



* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for Ta = - 55 °C 
to 1 25 °C for SE5534 and SE5534A and 0°C to 70°C for NE5534 and NE5534A. 

operating characteristics, Vcc± = ±15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

SE5534, NE5534 

SE5534A, NE5534A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Slew rate at 

unity gain 

c c = 0 

13 

13 

V/,xs 

Cc = 22 pF 

6 

6 

t r Rise time 

V| = 50 mV, A V D = 

R L = 600 fi, Cc = 22 pF, 

C L = 100 pF 

20 

20 

ns 

Overshoot factor 

20% 

20% 


t r Rise time 

V| = 50 mV, A V D = 1/ 

R L = 600 0, C C = 47 pF, 

C L = 500 pF 

50 

50 

ns 

overshoot factor 

35% 

35% 


v Equivalent input 

n noise voltage 

f = 30 Hz 

7 

5.5 7 

nV/V“H7 

f = 1 kHz 

4 

3.5 4.5 

Equivalent input 

In 

noise current 

f = 30 Hz 

2.5 

1.5 

pA/V~Hz 

f = 1 kHz 

0.6 

0.4 

F Average noise figure 

RS = 5 kO, f = 10 Hz to 20 kHz 


0.9 

dB 
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Input Noise Voltage— nVA/HiF 


TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


NORMALIZED INPUT BIAS CURRENT 
and INPUT OFFSET CURRENT 


FREE-AIR TEMPERATURE 



v 




— 1 — 
Vcc± = ± 
1 

15 V 


^1 








4a 


k 




















\ 

x 





L 





Z -75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— C 


NORMALIZED SLEW RATE and 
UNITY-GAIN BANDWIDTH 


T A = 25°C 












/ 





IVcC± I -Supply Voltage— V 

FIGURE 4 


TYPICAL CHARACTERISTICS t 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
FREQUENCY 


V C C± = ±15 v 
Ta = 25°C 

m 

II 

mm 

1 

mm 

■ 

■us 

■ 

m 

■ 

1 

in 

M 



t 10 k 100 k 

f-Frequency-Hz 


NORMALIZED SLEW RATE and 
UNITY-GAIN BANDWIDTH 


[ 1 
Vcc± = ± 

15 V 






1 

L 


r* 

5 




- 

/ 

/ 

7" 





/ 









-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— C 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 


V C C± = ±15 V 
T A = 25°C 



10 100 Ik 10 k 100k 1M 10 M 100 M 

f— Frequency— Hz 


TOTAL HARMONIC DISTORTION 
FREQUENCY 


“V C C± = ±15 V- 

Avd = 1 ~ 

v l(rms) = 2 V 
“T A = 25° C 


100 400 1 k 4 k 10 k 40 k 100 k 

f— Frequency— Hz 


EQUIVALENT INPUT NOISE VOLTAGE 
FREQUENCY 





f— Frequency— Hz 

FIGURE 7 


EQUIVALENT INPUT NOISE CURRENT 
FREQUENCY 


f— Frequency— Hz 

FIGURE 8 


TOTAL EQUIVALENT INPUT NOISE VOLTAGE 
SOURCE RESISTANCE 



Ik 10 k 100 k 

R$— Source Resistance— S2 


FIGURE 7 FIGURE 8 FIGURE 9 

*Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

D1661, SEPTEMBER 1973-REVISED AUGUST 1983 


Very Low Power Consumption 

Power Dissipation with ± 2-V 
Supplies ... 170 fi\N Typ 

Low Input Bias and Offset Currents 
Output Short-Circuit Protection 
Low Input Offset Voltage 


TL022M . . . U FLAT PACKAGE 
(TOP VIEW) 


AMP 

#1 


NCQ 
( OUTC 

< IN-C 
Lin+c 
v cc- C 


3 NC 
3 v C c+ 
3 OUT 

3 IN 

3 IN 


X + 

:} 


AMP 

#2 


• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Popular Dual Op-Amp Pin-Out 

description 

The TL022 is a dual low-power operational amplifier 
designed to replace higher power devices in many 
applications without sacrificing system performance. 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely, 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated circuits. 
Internal frequency compensation, absence of latch- 
up, high slew rate, and output short-circuit protection 
assure ease of use. 

The TL022M is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the TL022C is characterized for operation from 0°C 
to 70 °C. 


TL022C . . . JG OR P 
DUAL-IN-LIIME PACKAGE 
(TOP VIEW) 


AMP 

#1 


{ OUTC 

IN-C 
IN + C 
V cc-C 


1 U 8 

2 7 

3 6 

4 5 


D vcc^e 

D OUT 
D IN- 
D IN + 


} 


AMP 

#2 


NC — No internal connection 



symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL022M 

TL022C 

UNIT 

Supply voltage Vcc + (see Note 1 ) 

22 

18 

V 

Supply voltage Vqq_ (see Note 1) 

-22 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

V 

Input voltage (any input, see Notes 1 and 3) 

±15 

±15 

V 

Duration of output short-circuit (see Note 4) 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C 
free-air temperature range (see Note 5) 

Each amplifier 

500 

500 

mW 

Total package 

JG or P package 

680 

680 

U package 

675 

675 

Operating free-air temperature range 

-55 to 125 

Oto 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG or U package 

300 

300 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

P package 


260 

°c 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vqq_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the TL022M only, the unlimited duration of the short-circuit applies at (or below) 
125°C case temperature or 75 °C free-air temperature. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, TL022M chips are alloy- 
mounted; TI022C chips are glass-mounted. 
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TYPES TL022M, TL022C 

DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = 1 5 V, Vcc - = - 1 5 V 


PARAMETER 

TEST CONDITIONS * 

TL022M 

TL022C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

V 0 = 0, 

R S = 50 n 

25°C 

1 5 

1 5 

mV 

Full range 

6 

7.5 

l|0 Input offset current 

v 0 = o 

25°C 

5 40 

15 80 

nA 

Full range 

100 

200 

l|B Input bias current 

V 0 = 0 

25 °C 

50 100 

100 250 

nA 

Full range 

250 

400 

, , Common-mode 

V|CR 

input voltage range 


25°C 

±12 ±13 

±12 ±13 

V 

Full range 

±12 

±12 

,, Maximum peak-to-peak 

Vnpp 

output voltage swing 

R L = 10 kfi 

25°C 

20 26 

20 26 

V 

R L > 10 k 0 

Full range 

20 

20 

Large-signal differential 
voltage amplication 

R|_ 2: 10 kfi, 

Vq = ±10 V 

25 °C 

72 86 

60 80 

dB 

Full range 

72 

60 

B-j Unity-gain bandwidth 


25 °C 

0.5 

0.5 

MHz 

Common-mode 

CMRR 

rejection ratio 

V IC ~ V ICR min ' 

Rg = 50 n 

25°C 

60 72 

60 72 

dB 

Full range 

60 

60 

Supply voltage sensitivity 

SVS (AV, 0 /AV C c) 

Vcc = ±9 V to ±15 V, 
R S = 50 0 

25°C 

30 150 

30 200 

AiV/V 

Full range 

150 

200 

Equivalent input 
n noise voltage 

A V D = 20 dB, 

B = 1 Hz, 

f = 1 kHz 

25 °C 

50 

50 

nV/V Hz 

•OS Short-circuit output current 


25°C 

±6 

±6 

mA 

Supply current 

ice 

(both amplifiers) 

No load, 

V 0 = 0 

25 °C 

1 30 200 

130 250 

liA 

Full range 

200 

250 

p Total dissipation 

(both amplifiers) 

No load, 

Vq = 0 

25°C 

3.9 6 

3.9 7.5 

mW 

Full range 

6 

7.5 


*AII characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for TL022M is 
-55°C to 1 25°C and for TL022C is 0°C to 70 °C. 


operating characteristics, Vqc + = 15 V, VcC- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TL022M 

TL022C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

t r Rise time 

V| = 20 mV, R L = 10 kQ, 

C[_ = 100 pF, See Figure 1 

0.3 

0.3 

ILS 

Overshoot factor 

5% 

5% 


SR Slew rate at unity gain 

V| = 10 V, R L = 10 kfi. 

Cl = 100 pF, See Figure 1 

0.5 

0.5 

y/iis 


f 
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TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


TYPICAL CHARACTERISTICS 



FIGURE 1-RISE TIME, OVERSHOOT FACTOR, 
AND SLEW RATE 


TOTAL POWER DISSIPATED 


vs 



0 2 4 6 8 10 12 14 16 18 20 


IVCC± I -Supply Voltage -V 
FIGURE 2 



schematic 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Very Low Power Consumption 

• Typical Power Dissipation with ±2-V 
Supplies . . . 340 /*W 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

• Low Input Offset Voltage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Power Applied in Pairs 


description 


TYPES TL044NI, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

D1662, SEPTEMBER 1973-REVISED AUGUST 1983 


J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE 
(TOP VIEW) 


VjN + 

1, #4 V C C- 
l^OUT 


1 

U, 6 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8_ 

9 


n, #4 v C c+ 

AMPL 
#4 


2, #3 


AMPL 

#3 


Pins 4 and 12 are internally connected together in the N package only. 


The TL044 is a quad low-power operational amplifier 
designed to replace higher-power devices in many 
applications without sacrificing system performance. 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated circuits. 
Internal frequency compensation, absence of latch- 
up, high slew rate, and output short-circuit protection 
assure ease of use. Power may be applied separately 
to Section A (amplifiers 1 and 4) or Section B 
(amplifiers 2 and 3) while the other pair remains 
unpowered. 

The TL044M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C; 
the TL044C is characterized for operation from 0 °C 
to 70 °C. 

symbol (each amplifier) 


TL044M . . . FH OR FK PACKAGE 
(TOP VIEW) 

+ 

CJ 

o 

h 

T- 


*8 


o 

=**= 2 




NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 


NO— No internal connection 
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Operational Amplifiers 


TYPES TL044M, TL044C 

QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL044M 

TL044C 

UNIT 

Supply voltage Vcc + (see Note 1) 

22 

18 

V 

Supply voltage Vcc- (see Note 1) 

-22 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

V 

Input voltage (any input, see Notes 1 and 3) 

±15 

±15 

V 

Duration of output short-circuit (see Note 4) 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C 
free-air temperature range (see Note 5) 

Each amplifier 

500 

500 

mW 

Total package 

680 

680 

Operating free-air temperature range 

-55 to 125 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

FH, FK, J, or W package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

N package 


260 

°C 


NOTES: 1. 



3. 

4. 

5. 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and \ /qq _ . 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

The output may be shorted to ground or either power supply. For the TL044M only, the unlimited duration of the short-circuit applies at (or below) 
125°C case temperature or 85 °C free-air temperature. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the J package, TL044M chips are alloy- 
mounted; TL044C chips are glass-mounted. 
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TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ = 15 V, Vqc- = -15 V 


PARAMETER 

TEST CONDITIONS t 

TL044M 

TL044C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

V 0 = 0, 

R S = 50 Q 

25°C 

1 5 

1 5 

mV 

Full range 

6 

7.5 

l|0 Input offset current 

V 0 = 0 

25 °C 

5 40 

15 80 

nA 

Full range 

100 

200 

l|B Input bias current 

V 0 = 0 

25 °C 

50 100 

100 250 

nA 

Full range 

250 

400 

Common-mode 

V|CR 

input voltage range 


25 °C 

±12 ±13 

±12 ±13 

V 

Full range 

±12 

±12 

Maximum peak-to-peak 

v OPP 

output voltage swing 

R L = 10 kQ 

25 °C 

20 26 

20 26 

V 

RL > 10 kQ 

Full range 

20 

20 

Large-signal differential 
voltage amplification 

R L > 10 kQ, 

Vq = ±10 V 

25 °C 

72 86 

60 80 

dB 

Full range 

72 

60 

Bi Unity-gain bandwidth 


25 °C 

0.5 

0.5 

MHz 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min * 

V 0 = 0, R S = 50 0 

25 °C 

60 72 

60 72 

dB 

Full range 

60 

60 

Supply voltage sensitivity 

kSVS (AV, 0 /AV C c) 

Vqc = ±9 V to ±15 V, 
Vo = 0, Rs = 50 fi 

25 °C 

30 150 

30 200 

/iV/V 

Full range 

150 

200 

^ Equivalent input 

n noise voltage 

A\/d = 20 dB, 

B = 1 Hz, 

f = 1 kHz 

25 °C 

50 

50 

nV/V Hz 

•OS Short-circuit output current 


25 °C 

±6 

±6 

mA 

Supply current 

icc 

(four amplifiers) 

No load, 

V 0 = 0 

25°C 

250 400 

250 500 

m 

Full range 

400 

500 

Total dissipation 
(four amplifiers) 

No load, 

Vq = 0 

25 °C 

7.5 12 

7.5 15 


Full range 

12 

15 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. Full range for TL044M is 
-55°C to 1 25°C and for TL044C is 0°C to 70 °C. 


operating characteristics, Vcc + = 15 V, VcC- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TL044M 

TL044C 


MIN TYP MAX 


t r Rise time 

V| = 20 mV, R[_ = 10 kQ, 

Cj_ = 100 pF, See Figure 1 

0.3 

0.3 


Overshoot factor 

5% 

5% 

SR Slew rate at unity gain 

V| = 10 V, R l = 10 kQ, 

Cl = 100 pF, See Figure 1 

0.5 

0.5 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B. 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

D2392, NOVEMBER 1978-REVISED AUGUST 1983 


20 DEVICES COVER MILITARY, INDUSTRIAL, AND COMMERCIAL 
TEMPERATURE RANGES 


• Very Low Power Consumption 

• Typical Supply Current . . . 200 /lA 
(per Amplifier) 

Wide Common-Mode and Differential 
Voltage Ranges 

Low Input Bias and Offset Currents 


• Output Short-Circuit Protection 

• High Input Impedance . . . JFET-Input Stage 

• Internal Frequency Compensation 
(Except TL060) 

• Latch-Up Free Operation 

• High Slew Rate 3.5 V/fis Typ 


description 


The JFET-input operational amplifiers of the TL061 series are designed as low-power versions of the TL081 series 
amplifiers. They feature high input impedance, wide bandwidth, high slew rate, and low input offset and bias currents. 
The TL061 series features the same terminal assignments as the TL071 and TL081 series. Each of these JFET-input 
operational amplifiers incorporates well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated 
circuit. 

Device types with an "M” suffix are characterized for operation over the full military temperature range of -55°C 
to 1 25 °C, those with an “\" suffix are characterized for operation from - 25 °C to 85 °C, and those with a "C" suffix 
are characterized for operation from 0°C to 70 °C. 



TL060, TL060A, TL060B 
D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


ni/compC 
IN - c 
IN + C : 

v cc- Q; 


TT1 


2 COMP 
2 vcc + 

D OUT 

2 OFFSET N2 


TL062, TL062A, TL062B 
D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMPL 

# 




OUT C 
IN- C 
IN -+- C 

vcc- C 


rcn 

2 


2 vcc-t 
2 outi 

2 IN- 

2 inh 


TL061 

FH OR FK CHIP-CARRIER PACKAGE 
(TOP VIEW) 


TL061 , TL061 A, TL061B 
D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OFFSET N1 hi Ush NC 

IN - C 2 7 JVCC + 

IN+ C 3 6 2 OUT 

Vcc- [J4 5 2 OFFSET N2 


TL062 

U FLAT PACKAGE 
(TOP VIEW) 


:c+ nc 10 

JTl fOUT C 2 9 

-Umpl amplJ, n _L 3 8 

+J 11 L'n+o 7 


vcc- Cjs 


2 NC 
2 vcc+ 

2 IN + J 


TL062 

FH OR FK CHIP-CARRIER PACKAGE 
(TOP VIEW) 


TL061 

U FLAT PACKAGE 
(TOP VIEW) 


NC £ « 
OFFSET N1 C : 
IN - C : 
IN + Q - 

vcc- C ! 


!*1 


10 


D NC 

2 NC 

3 v C c+ 

2 OUT 

3 OFFSET N2 


TL064 . . . D, J, N, OR W PACKAGE 
TL064A, TL064B , . . D, J, OR N PACKAGE 
(TOP VIEW) 


AMPL 

ft 


r{: 

VCu r 
r in + 

-J IN- 
\0UT 


OUT M l Ul4h 


IN- 0 2 
IN+ E 3 
VCC+ 

. 1=5 

AMPL I | N _ [~6 
#2 ■ OUT C 7 


jt) 

uglN- 
12 □ IN+ J * 3 

11 J Vcc- 
10 2 IN+ 'I 

9] IN- ^ AMPL 
8U OUT J #4 


TL064 

FH OR FK CHIP-CARRIER PACKAGE 
(TOP VIEW) 


2 

O o (J o 
u z z Z 



NC — No internal connection 


NC 
#1 IN- 
NC 
#1 IN + 
NC 


] 4 
]5 
]6 
] 7 
]8 


9 10 11 12 13 
s nnnnr-i > 

U I u + u 
Z o 2 2 Z 

U - 


18 [ NC 
. 17 C #2 OUT 
16 [ NC 
1 5 [ #2 IN- 
14 [ NC 


z O OS 
O ^ '"t 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 



symbol (each amplifier) 


schematic (each amplifier) 



-OUTPUT 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL06_M 

TL06_I 

TL06_C 

TL06_AC 

TL06_BC 

UNIT 

Supply voltage, Vcc± (see Note 1) 

18 

18 

18 

V 

Supply voltage, Vqc- (see Note 1) 

-18 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (see Notes 1 and 3) 

±15 

±15 

±15 

V 

Duration of output short circuit (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 

25 °C free-air temperature (see Note 5) 

D package 


680 

680 

mW 

FH or FK package 

680 



J, JG, N, P, or W package 

680 

680 

680 

U package 

675 



Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 

J, JG, U, FH, FK, or W package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 10 seconds 

D, N, or P package 


260 

260 

°C 


NOTES: 1. 
2 . 

3. 

4. 

5. 


All voltage values, except differential voltages, are with respect to the midpoint between Vqc + and Vqq_. 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 
is not exceeded. 

For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, TL06_M chips are 
alloy-mounted; TL06_I, TL06__C, TL06_AC, and TL06_BC chips are glass-mounted. 


DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 



TL060 

TL061 

TL062 

TL064 

TL06_M 

JG 

FH, FK, JG, U 

FH, FK, JG, U 

FH, FK, J, W 

TL06_I 

D, JG, P 

D, JG, P 

D, JG, P 

D, J, N 

TL06__C 

D, JG, P 

D, JG, P 

D, JG, P 

D, J, N 

TL06_AC 

D, JG, P 

D, JG, P 

D, JG, P 

D, J, N 

TL06 — BC 

D, JG, P 

D, JG, P 

D, JG, P 

D, J, N 
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TYPES TL060M, TL061M, TL062M, TL064M 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, VqC ± = ±15 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TL060M 

TL061M 

TL062M 

TL064M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

v 0 = 0 , 

Rg = 50 C 

T A - 25 °C 

3 6 

3 9 

mV 

T A = — 55 °C to 1 25 °C 

9 

15 

Temperature 
«VIO coefficient of 

input offset voltage 

V 0 =0, R S = 50 fi, 

T A = - 55 °C to 1 25 °C 

10 

10 

mV/°C 

Input offset 
current* 

v 0 = 0 

T A = 25 °C 

5 100 

5 100 

pA 

T a = - 55 °C to 1 25 °C 

20 

20 

nA 

l|B Input bias current 

V 0 = 0 

T a = 25 °C 

30 200 

30 200 

pA 

T A = - 55°C to 1 25 °C 

50 

50 

nA 

Common-mode 

V| C R 

input voltage range 

T A = 25 °C 

±11.5 ±12 

±11.5 ±12 

V 

Maximum 

Vqm peak output 

voltage swing 

R L = 10 kfl, T A = 25 °C 

±10 ±13.5 

±10 ±13.5 

V 

R L > 1 0 kft, T a = -55°C to 125°C 

±10 

±10 

Large-signal 

A\/d differential voltage 

amplification 

V 0 = ± 10 V, 

R l > 10 kO 

T a = 25 °C 

4 6 

4 6 

V/mV 

T a = - 55°C to 1 25 °C 

4 

1 

4 

B-| Unity-gain bandwidth 

Rl = 10 kO, T a = 25 °C 

i 

1 

MHz 

rj Input resistance 

T a m 25 °C 

1012 

1012 


Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min ' v O = 

R S = 50 0, T A = 25 °C 

80 86 

80 86 

dB 

Supply voltage 
kSVR rejection ratio 

< AV cc±/ AV io) 

V cc = ± 1 5 V to ± 9 V, V 0 = 0, 

R S - 50 0, T A = 25 °C 

80 95 

80 95 

dB 

Total power 

Pq dissipation 

(each amplifier) 

No load, V 0 = 0, 

T A = 25 °C 

6 7.5 

6 7.5 

mW 

Supply current 

ice 

(each amplifier) 

No load, Vq = 0 , 

T A = 25 °C 

200 250 

200 250 

m a 

V 0 i/V 0 2 Crosstalk attenuation 

A V D = *00, T A = 25 °C 

120 

120 

dB 


± All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. 

*lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Pulse 
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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electrical characteristics, Vcc ± = ± 1 5 V (unless otherwise noted) 



TEST CONDITIONS f 

TL060I 

TL061I 

TL062I 

TL064I 

TL060C 

TL061C 

TL062C 

TL064C 

TL060AC 

TL061AC 

TL062AC 

TL064AC 




MIN TYP MAX 




V 0 = 0, 

R S = 50 Q 

T a = 25 °C 

3 6 

3 15 

3 6 

2 3 


T a = full range 

9 

20 

7.5 

5 


V 0 =0, R s = 50 0, 

T A = full range 


10 

10 

10 



V 0 = 0 

T A = 25 °C 

5 100 

5 200 

5 100 

5 100 

PA 

T A = full range 

10 

2 

2 

2 

nA 


V 0 = 0 

T A = 25 °C 


30 200 

30 200 

30 200 

pA 

T A = full range 

20 

10 


bihhhhd 

nA 


T A = 25 °C 

±11.5 ±12 

±11 ±12 

±11.5 ±12 

±11.5 ±12 


Maximum 

VoM peak output 

voltage swing 

RL = 10 kfl, T A = 25 °C 

±10 ±13.5 

±10 ±13.5 

±10 ±13.5 

±10 ±13.5 

V 

R[_> 10 kfl, T A = full range 

±10 

±10 

±10 

±10 

Large-signal 

A\/d differential voltage 

amplification 

V 0 = ± 10 V, 

RL > 10 kQ 

T A = 25 °C 

4 6 

3 6 

4 6 

4 6 

V/mV 

T A = full range 

4 

3 

4 

4 

B-| Unity-gain bandwidth 

R L = 10 kfl, T A = 25 °C 

1 

1 

1 

1 

MHz 

r, Input resistance 

T A = 25 °C 

1012 

1012 

1012 

1012 

n 

Common-mode 

CMRR 

rejection ratio 

V|c = V| CR min, Vq = 0, 

Rg = 50 0, T A = 25°C 

80 86 

70 86 

80 86 

80 86 

dB 

Supply voltage 

k SVR rejection ratio 

< AV CC± /AV 10> 

V cc = ±15 V to +9 V, V 0 = 0, 
Rg = 50 fi, T A = 25°C 

80 95 

70 95 

80 95 

80 95 

dB 

Total power 

Pq dissipation 

(each amplifier) 

No load, V 0 = 0, 

T A = 25 °C 

6 7.5 

6 7.5 

6 7.5 

6 7.5 

mW 

Supply current 

ice 

(each amplifier) 

No load, V 0 = 0, 

T A = 25 °C 

200 250 

200 250 

200 250 

200 250 

fiA 

V 0 i/V 0 2 Crosstalk attenuation 

A V d = 100, T A = 25 °C 

120 

120 

120 

120 

dB 


^All characteristics are measured under optn-loop conditions with zero common-mode voltage unless otherwise specified. Full range for T A is -25°C to 85 °C for TL06_I and 0°C to 70 °C 
for TL06_C, TL06_AC, and TL06_BC. 

*lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Pulse techniques must be used that will 
maintain the junction temoerature as close to the ambient temperature as possible. 


TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B, 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 








TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vqc± = ±15 V, T>\ = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

SR Slew rate at unity gain 

V| = 10 V, R|_ = 10 kfi, 

C|_ = 100 pF, See Figure 1 

2 3.5 

V//4S 

t r Rise time 

V| = 20 mV, R L = 10 kfl, 

C|_ = 100 pF, See Figure 1 

0.2 

lis 

Overshoot factor 

10% 


V n Equivalent input noise voltage 

RS = 100 0, f = 1 kHz 

42 

nV/^/Hz 


PARAMETER MEASUREMENT INFORMATION 



100 k£2 


10 kfi 





FIGURE 1-UNITY-GAIN AMPLIFIER 


FIGURE 2— GAIN-OF-IO FIGURE 3-FEED-FORWARD 

INVERTING AMPLIFIER COMPENSATION 


INPUT OFFSET VOLTAGE NULL CIRCUITS 



*For best results use R = 20 M£2 for 
Vcc± = ±15 V to R = 5 Mfi for 
VCC± = ±3 V. 



FIGURE 4 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


MAXIMUM PEAK OUTPUT VOLTAGE 
SUPPLY VOLTAGE 


MAXIMUM PEAK OUTPUT VOLTAGE 
FREE-AIR TEMPERATURE 


MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 




I Vcc± I— Supply Voltage— V 

FIGURE 6 


MAXIMUM PEAK OUTPUT VOLTAGE 
FREQUENCY 



SUPPLY CURRENT PER AMPLIFIER 



±15 

> 

f ±12.5 
:> 

I ±10 

o 

| ±7 ’ 5 
E 

! ±5 










































Vcc 

Rl : 

= 10 k 

15 V 

n 






See Figure 2 

1 1 







-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


DIFFERENTIAL VOLTAGE AMPLIFICATION 
FREE-AIR TEMPERATURE 

> 10 


| 

1 4 


-VcC± = ±'l5V 











"L 

IU 





















"" — 

— 


































-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 

FIGURE 10 

SUPPLY CURRENT PER AMPLIFIER 
FREE-AIR TEMPERATURE 



I Vcc± I— Supply Voltage— V 

FIGURE 12 

i" Data at high and low temperatures are applicable 
capacitor is used with TL060 and TL060A. 



100 200 400 700 1 k 2 k 4 k 7 k 10 k 

Rl_-Load Resistance— fl 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 



f— Frequency— Hz 

FIGURE 11 

TOTAL POWER DISSIPATED 
FREE-AIR TEMPERATURE 


TA-Free-Air Temperature- C 

FIGURE 13 

only within the rated operating free-air temperature 



FIGURE 14 

ranges of the various devices. A 10-pF compensation 
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TYPES TL060, TL060A, TL060B, TL061, TL061A. TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


ALL EXCEPT TL06.C 
COMMON-MODE REJECTION RATIO 



-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature— C 


NORMALIZED UNITY-GAIN BANDWIDTH, 
SLEW RATE, and PHASE SHIFT 

FREE-AIR TEMPERATURE 


INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 



TA-Free-Air Temperature— °C 



T/v— Free-Air Temperature— °C 


FIGURE 15 


FIGURE 16 


FIGURE 17 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


OUTPUT VOLTAGE 
vs 

ELAPSED TIME 


EQUIVALENT INPUT NOISE VOLTAGE 
FREQUENCY 




t— Time— jus 


FIGURE 18 



0.2 0.4 0.6 0.8 

t— Time — pa 

FIGURE 19 



f— Frequency— Hz 

FIGURE 20 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF compensation 
capacitor is used with TL060 and TL060A. 


TYPICAL APPLICATION DATA 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


10 kft 100 kH 1 kft 



FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL 


IC PREAMPLIFIER RESPONSE 



FIGURE 28-INSTRUMENTATION AMPLIFIER FIGURE 29 


220 kfi 



FIGURE 30— IC PREAMPLIFIER 
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• Very Low Input Bias and Offset Currents 

• Wide Supply Range ... ±1.2 V to ±18V 

• Wide Common-Mode and Differential 
Voltage Range 

• Output Short-Circuit Protection 

• High Input Impedance . . . JFET-Input Stage 

• Unity-Gain Bandwidth ... 1 MHz Typ 
(100 kHz at 25 fi\N) 

• High Slew Rate ... 3.5 V/^s Typ 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 


TL066M . . . FH OR FK PACKAGE 
(TOP VIEW) 



description 

The TL066, TL066A, and TL066B are JFET-input 
operational amplifiers similar to the TL061 with the 
additional feature of being power-adjustable. They 
feature very low input offset and bias currents, high 
input impedance, wide bandwidth, and high slew rate. 
The power-control feature permits the amplifiers to be 
adjusted to require as little as 25 microwatts of power. 
This type of amplifier, which provides for changing 
several characteristics by varying one external 
element, is sometimes referred to as being 
"programmable." The JFET-input stage combined 
with the adjustable-low-power feature results in 
superior bandwidth and slew rate performance 
compared to low-power bipolar-input devices. 


O 

NC — No internal connection 

symbol 


OFFSET NULL 
N1 

OFFSET NULL 
N2 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 


The TL066M is characterized for operation over the full military temperature range of - 55 °C to 125 °C; the TL066I 
is characterized for operation from -25°C to 85 °C; the TL066C, TL066AC, and TL066BC are characterized for 
operation from 0°C to 70 °C. 
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Operational Amplifiers 


TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 



OFFSET OFFSET OUTPUT 

NULL NULL 

(N1) (N2) COMPONENT VALUES SHOWN ARE NOMINAL 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 



TL066M 

TL066I 

TL066C 

TL066AC 

TL066BC 

UNIT 

Supply voltage, Vcc + (see Note 1) 

18 

18 

18 

V 

Supply voltage, Vcc- (see Note 1) 

-18 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (see Notes 1 and 3) 

±15 

±15 

±15 

V 

Voltage between power-control terminal and Vcc - 

±0.5 

±0.5 

±0.5 

V 

Duration of output short circuit (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 

25 °C free-air temperature (see Note 5) 

680 

680 

680 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

FH, FK, or 

JG package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

260 

°C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vqc + and Vqq _ . 

2. Differential voltages are at the noninverting input terminal with respect to the inverting inplut terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 
is not exceeded. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, the TL066I, TL066C, TL066AC, 
and TL066BC chips are glass-mounted; the TL066M chips are alloy-mounted. 
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electrical characteristics, Vcc = ± 1 5 V 


PARAMETER 

TEST CONDITIONS* 

TL066M 

TL066I 

TL066C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

Vo =0, R S = 50 fi, 

T A = 25 °C 

3 6 

3 6 

3 15 

mV 

Vo = 0, R S = 50 fi, 

T A = full range 

9 

9 

20 

Temperature coefficient 
of input offset voltage 

V 0 = 0, R S = 50 fi, 

T A = full range 

10 

10 

10 

li\Z/° C 

l|0 Input offset current* 

V 0 = 0, T A = 25 °C 

5 100 

5 100 

5 200 

PA 

Vq = 0, T A = full range 

20 

10 

5 

nA 

1 10 Input bias current* 

Vo =0- T A = 25 °C 

30 200 

30 200 

30 400 

pA 

Vq = 0 , T a = full range 

50 

20 

10 

nA 

Common-mode input 

V|CR 

voltage range 

T A = 25 °C 

±11.5 

±11.5 

±11 

V 

Maximum peak 
output voltage swing 

T a = 25 °C, Rl > 10 kfi 

±10 ±13.5 

±10 ±13.5 

±10 ±13.5 

V 

T A = full range, Rl ^ 10 kfi 

±10 ±13.5 

±10 ±13.5 

±10 ±13.5 

Large-signal differential 
voltage amplification 

R L > 10 kfi, Vq = ±10 V, 

T A = 25 °C 

4 6 

4 6 

3 6 

V/mV 

R L > 10 kfi, V 0 = ±10 V, 

T a = full range 

4 


3 

B-| Unity-gain bandwidth 

C3 

O 

II 

_J 

DC 

O 

in 

CM 

II 

< 

1- 

1 

1 

1 

MHz 

rj Imput resistance 

O 

ID 

CM 

II 

< 

I- 

1012 

1012 

1012 

fi 

r 0 Output resistance 

T a = 25 °C, f = 1 kHz 

220 

220 

220 

fi 

Common-mode 

CMRR 

rejection ratio 

V|c = V| CR min, Vq = 0, 

R S = 50 fi, T A = 25 °C 

80 86 

80 86 

70 76 

dB 

Supply voltage rejection 

kSVR ratio (AV CC± /AV| 0 ) 

V C C = ± 9 V to ± 1 5 V, V 0 = 0, 
R S = 50 fi, T A = 25°C 

80 95 

80 95 

70 95 

dB 

Pp Total power dissipation 

Vq = 0, No load, 

T A = 25 °C 

6 7.5 

6 7.5 

6 7.5 

mW 

IqC Supply current 

V 0 = 0, No load, 

T a = 25 °C 

200 250 

200 250 

200 250 

m a 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range of T A is -55°C to 125°C for TL066M; 

-25°C to 85 °C for TL066I; and 0°C to 70 °C for TL066C. The electrical parameters are measured with the power-control terminal (pin 8) connected to Vqq_. 

* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature-sensitive. Pulse techniques must be used that will maintain the 
junction temperature as close to the ambient temperature as is possible. 
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TYPES TL066M, TL066I, TL066C 



Operational Amplifiers 


TYPES TL066AC, TL066BC 

ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vqc = ± 1 5 V 


PARAMETER 

TEST CONDITIONS* 

TL066AC 

TL066BC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

V 0 = 0, R S = 50 0, 

T A = 25 °C 

3 6 

2 3 

mV 

V 0 = 0, R S = 50 Q, 

T A = full range 

7.5 

5 

Temperature coefficient 
of input offset voltage 

V 0 = 0, Rs = 50 0, 

T A = full range 

10 

10 

liV/°C 

I|q Input offset current* 

V 0 =0, T A = 25 °C 

5 100 

5 100 

pA 

Vq = 0, T A = full range 

3 

3 

nA 

l|B Input bias current* 

V 0 =0, T A = 25 °C 

30 200 

30 200 

pA 

Vq =0, T A = full range 

7 

7 

nA 

Common-mode input 
V| ^ R voltage ran|a^j- 

. 

o 

o 

10 

CM 

11 

< 

1- 

±11.5 

±11.5 

V 

Maximum peak 
output voltage swing 

T A = 25 °C, RL 10 kO, 

±10 ±13.5 

±10 ±13.5 

V 

T A = full range, Rl 2c 10 kO 

±10 ±13.5 

±10 ±13.5 

Large-signal differential 
voltage amplification 

■#v 

R L > 10 kfl, V 0 = ±10 V, 

T A = 25 °C 

4 6 

4 6 

V/ mV 

R L > 10 kQ, Vq = ±10 V, 

T A = full range 

4 

4 

Bi Unity-gain bandwidth 

T A = 25°C, R L = 10 kfi 

1 

1 

MHz 

rj Input resistance 

T A = 25 °C 

1012 

1012 

0 

r 0 Output resistance 

T A = 25 °C, f = 1 kHz 

220 

220 

Q 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min ' v O = Of 

RS = 50 0, T A = 25 °C 

80 86 

80 86 

dB 

Supply voltage 
ksvR rejection ratio 
(AVcc±/AV|o) 

V C C = ± 9 V to ± 1 5 V, Vq = 0, 

R S = 50 Q, T a = 25 °C 

80 95 

80 95 

dB 

Pq Total power dissipation 

No load, V 0 = 0, 

T A = 25 °C 

6 7.5 

6 7.5 

mW 

ICC Supply current 

No load, V 0 = 0, 

T A = 25 °C 

200 250 

200 250 

nA 


* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range of T/y = - 55 °C 
to 125°C for TL066M; -25°C to 85 °C for TL066I; and 0°C to 70 °C for TL066C, TL066AC, and TL066BC. The electrical parameters are measured with 
the power-control terminal (pin 8) connected to Vqq _ . 

*lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature-sensitive. Pulse techniques must be used 
that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc± = ± 15 V, Ta = 25 °C, R e xt - 0 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

SR Slew rate at unity gain 

V| = 10 V, R L = 10 kO, 

Cl = 100 pF, See Figure 1 

2 3.5 

y/ns 

t r Rise time 

V| = 20 mV, R l =10 kfi 

0.2 

/IS 

Overshoot factor 

Cl = 100 pF, See Figure 1 

10% 


V n Equivalent input noise voltage 

RS = 100 Q, f = 1 kHz 

42 

nV/VHz 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 


INPUT OFFSET VOLTAGE NULL CIRCUIT 



FIGURE 3 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


INPUT BIAS CURRENT 




-50 -25 0 25 50 75' 100 125 

Ta— Free-Air Temperature— °C 

FIGURE 4 

MAXIMUM PEAK OUTPUT VOLTAGE 
FREE-AIR TEMPERATURE 










































Vcc 

R ex 

:± = ± 
t = 0 

15 V 






R L = lOkft 

See Figure 2 
1 1 







-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature— C 


DIFFERENTIAL VOLTAGE AMPLIFICATION 



R ex t~ External -Control Resistance — SI 

FIGURE 10 


MAXIMUM PEAK OUTPUT VOLTAGE 
SUPPLY VOLTAGE 


MAXIMUM PEAK OUTPUT VOLTAGE 
EXTERNAL-CONTROL RESISTANCE 



MAXIMUM PEAK OUTPUT VOLTAGE 
LOAD RESISTANCE 



DIFFERENTIAL VOLTAGE AMPLIFICATION 



TA-Free-Air Temperature— C 

FIGURE 11 



Rext - External-Control Resistance — £1 

FIGURE 6 

MAXIMUM PEAK OUTPUT VOLTAGE 
FREQUENCY 



f— Frequency— Hz 

FIGURE 9 

LARGE SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 



45 £ 

£ 


10 100 Ik 10k 100k 1 M 10 M 

f— Frequency— Hz 


FIGURE 12 


"•"Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


SUPPLY CURRENT 



^CC± I - Supply Voltage-V 

FIGURE 13 

TOTAL POWER DISSIPATION 
EXTERNAL-CONTROL RESISTANCE 



R ex t — External-Control Resistance— £2 

FIGURE 16 


SUPPLY CURRENT 
EXTERNAL-CONTROL RESISTANCE 



R ex t~ External-Control Resistance— £2 

FIGURE 14 


ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 


EXTERNAL-CONTROL RESISTANCE 



SUPPLY CURRENT 
FREE-AIR TEMPERATURE 



_ 



— 


“1 


















Vc 

__ R„. 

c± = - 

— = n 

t15 V 






No Signal 

No Load 

1 1 







-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature-°C 

FIGURE 15 

ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 


10 100 Ik 10 k 100 k 

R e xt — External-Control Resistance— £2 



Ta— F ree-Air Temperature- C 

FIGURE 18 



EQUIVALENT INPUT NOISE VOLTAGE 



10 40 100 400 1 k 4 k 10 k 40 k 100 k 

f— Frequency— Hz 


EQUIVALENT INPUT NOISE VOLTAGE 
SOURCE RESISTANCE 


UNITY GAIN BANDWIDTH 


8 3 
2 
a 



T 

TlTI 

R ext = 

0 




■' —fit 






NT 

5 k£2 





50 k£2 





1 

- H-rt 



' 


100 k£2 






VCC: 

t = ±15 V 





M L - lUKii 

T A = 25° C 

1111 II 






10 40 100 400 1 k 4 k 10 k 40 k 100 k 

RS~ Source Resistance— £2 



R e xt — External-Control Resistance— £2 

FIGURE 21 


'Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the varipus devices. 
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Operational Amplifiers 


TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


SLEW RATE 

EXTERNAL-CONTROL RESISTANCE 


TYPICAL CHARACTERISTICS t 

NORMALIZED UNITY-GAIN BANDWIDTH, 
SLEW RATE, and PHASE SHIFT 




VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 



Rext - External-Control Resistance-^ 

FIGURE 22 


Ta— F ree-Air Temperature— C 

FIGURE 23 

OUTPUT VOLTAGE 
ELAPSED TIME 





n 

rERSI 

| 





r.°j 

■lOOT 

kj 






T~_ 

^90? 







j 








7 _ 








7 _ 






15 V- 

10%- 

r 




R ext = 0 

Rl_ = 10 kS2 - 
Ta = 25° C 


Hp* 





0 0.2 0.4 0.6 0.8 1 1.2 1.4 

t— Time— pis 

FIGURE 25 

*Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 

TYPICAL APPLICATION DATA 


INPUT 

A 


INPUT 

B 



FIGURE 26— INSTRUMENTATION AMPLIFIER 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


10 kn 100 k« 1 k£2 



0.1 



FIGURE 28— AC AMPLIFIER 
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Operational Amplifiers 


TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATIOIVI DATA 


1C PREAMPLIFIER RESPONSE CHARACTERISTICS 



20 40 100 200400 Ik 2k4k 10k 20k 

f— Frequency— Hz 

FIGURE 29 


220 kft 



FIGURE 30— 1C PREAMPLIFIER 


3-122 


88 ; 

Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TYPE TL068C 

3 PIN VOLTAGE FOLLOWER WITH JFET INPUT 

D2660, AUGUST 1983 


■ • Standard TO-92 Package 

I • Supply Current 300 /tA Max 

I • Wide Input/Output Voltage Range 
I • Low Input Bias Current 

• Output Short-Circuit Protection 

• High-Impedance Input . . . JFET Input Stage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 
description 

The TL068C is a JFET-input unity-gain amplifier featuring high input impedance, wide bandwidth, and low input bias 
current. A current-sourcing load such as a pull-up resistor is required for circuit operation. 

The TL068C is characterized for operation over the commercial temperature range of 0°C to 70 °C. 

schematic 

OUTPUT 


INPUT 


V E E 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage from output to 36 V 

Voltage from input to V|=e 36 V 

Voltage from input to output 30 V 

Duration of short circuit (see Note 1) Unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 775 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTES: 1 . The output may be shorted to any point as long as the voltage from output to does not exceed 36 V. Temperature and/or must be 
limited to ensure that the dissipation rating is not exceeded. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. 

ADVANCE INFORMATION 

This document contains information on a new product 
Specifications are subject to change without notice 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TL068C 

3-PIN VOLTAGE FOLLOWER WITH JFET INPUT 


electrical characteristics, Vee = -15 V, V + = +15 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 


V|Q Input offset voltage 

Iq = 2 mA 

3 15 

mV 

l|B Input bias current 


O 

o 

in 

CM 

II 

< 

1- 

30 400 

pA 

T A = 0°C to 70°C 

10 

nA 

V|r Input voltage range 

V EE = -15 V, V + = 15 V, R L = 10 ki2 

12 13.5 

to to 

-11.5 -12 

V 


V EE = -15V, V + = 15 V, R L = 10 kfi 

0.999 0.9997 

V/V 


V EE = -15 V to +10 V 

70 78 

dB 


Iq = 0.5 mA to 5 mA 

2 4 

mV/mA 



25 

nn 

j l EE Supply current 


-125 -300 

mm 


operating characteristics, Vee = -15 V, V+ = 15 V, Ta = 25 °C, R|_ = 10 kft, Cl = 100 pF 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 


Bandwidth 


1 


Slew rate 

V 0 = ±10 V 

Positive-going edge 

7 

m 

Negative-going edge 

100 

Rise time 

Vo = 100 mV 

130 

mom 

Overshoot 


20% 



PARAMETER MEASUREMENT INFORMATION 


v+ 



TEST CIRCUIT 
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LINEAR TYPES TL070, TL070A, TL07 1 , TL07 1 A, TL07 1 B, 

INTEGRATED TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

CIRCUITS LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 

D2393, SEPTEMBER 1978-REVISED SEPTEMBER 1983 

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 


description 

The JFET-input operational amplifiers on the TL07_ series are designed as low-noise versions of the TL08_ series 
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise make 
the TL07_ series ideally suited as amplifiers for high-fidelity and audio preamplifier applications. Each amplifier features 
JFET-inputs (for high input impedance) coupled with bipolar output stages all integrated on a single monolithic chip. 

Device types with an "M" suffix are characterized for operation over the full military temperature range of -55°C 
to 1 25 °C, those with an "I" suffix are characterized for operation from - 25 °C to 85 °C, and those with a "C" suffix 
are characterized for operation from 0°C to 70 °C. 


Low Power Consumption 

Wide Common-Mode and Differential Voltage 
Ranges 

Low Input Bias and Offset Currents 
Output Short-Circuit Protection 

Low Total Harmonic Distortion 
0.003% Typ 


• Low Noise . . . Vn = 18 nVV Hz Typ 

• High Input Impedance . . . JFET-input Stage 

• Internal Frequency Compensation (Except 
TL070, TL070A) 

• Latch-Up-Free Operation 

• High Slew Rate ... 13 V/pis Typ 


TL070, TL070A TL071, TL071A, TL071B TL072, TL072A, TL072B 

D, JG, OR P DUAL-IN-LINE PACKAGE D, JG, OR P DUAL-IN-LINE PACKAGE D, JG, OR P DUAL-IN-LINE PACKAGE 

(TOP VIEW) (TOP VIEW) (TOP VIEW) 



TL074, TL074A, TL074B 
D, J, OR N DUAL-IN-LINE 
OR W FLAT PACKAGE 
(TOP VIEW) 



TL075 

N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 



NC — No internal connection 


Copyright © 1983 by Texas Instruments Incorporated 
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Operational Amplifiers 


TYPES TL07Q, TL070A, TL071, TL071A, TL071B, 

TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TL071 TL072 TL074 

FH OR FK CHIP-CARRIER PACKAGE FH OR FK CHIP-CARRIER PACKAGE FH OR FK CHIP-CARRIER PACKAGE 

(TOP VIEW) (TOP VIEW) (TOP VIEW) 



O I O CM O 
2 O 2 2 2 
CJ 
> 

NC — No internal connection 


, 0+0 

o 2 z 2 

CJ - 

> CM 


I I — O I — | 

' D z D ' 

2 o o S 

CM CM CO CO 


schematic (each amplifier) 




Cl = 18 pF ON TL071, TL072, TL073, TL074, AND TL075 ONLY. 
COMPONENT VALUES SHOWN ARE NOMINAL 
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TYPES TL070, TL070A, TL071. TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


symbols 


TL070 



OUT 


TL071 



OUT 


TL072 (EACH AMPLIFIER) 
TL074 (EACH AMPLIFIER) 



DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 



TL070 

TL071 

TL072 

TL074 

TL075 

TL07_M 

* 

FH, FK, JG 

FH, FK, JG 

FH, FK, J, W 

* 

TL07_I 

D, JG, P 

D, JG, P 

D, JG, P 

D, J, N 

* 

TL07_C 

D, JG, P 

D, JG, P 

D, JG, P 

D, J, N 

N 

TL07_AC 

D, JG, P 

D, JG, P 

D, JG, P 

D, J, N 

* 

TL07 — BC 

* 

D, JG, P 

D, JG, P 

D, J, N 

* 


*These combinations are not defined by this data sheet. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL07_M 

TL07 _ 1 

TL07_C 

TL07_AC 

TL07 _ BC 

UNIT 

Supply voltage, Vqc + (see Note 1 ) 

18 

18 

18 

V 

Supply voltage, Vqq _ (see Note 1 ) 

-18 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (see Notes 1 and 3) 

±15 

±15 

±15 

V 

Duration of output short circuit (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 

680 

680 

680 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 

J, JG, JH, FK, or W package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 10 seconds 

D, N, or P package 


260 

260 

°C 


NOTES: 1. 
2 . 

3. 

4. 

5. 


All voltage values, except differential voltages, are with respect to the midpoint between Vqq + and Vqc - • 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

The output may be shorted to ground or to either supply. T emperature and/or supply voltages must be limited to ensure that the dissipation rating 
is not exceeded. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, TL07_M chips are 
alloy-mounted; TL07_I, TL07_C, TL07_AC, and TL07_BC chips are glass mounted. 
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TYPES TL07IM, TL072M, TL074M 

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics,Vcc ± = ± 1 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TL071M, TL072M 

TL074M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

v 0 = 0, 

R S = 50 0 

T a = 25 °C 

3 6 

3 9 

mV 

T a = - 55 °C to 1 25°C 

9 

15 

Temperature 

«VIO coefficient of input 

offset voltage 

V 0 = 0, RS = 50 0, 

T a = -55° to 1 25°C 

10 

10 

/*V/°C 

l|0 Input offset current * 

< 

O 

II 

o 

T A = 25 °C 

5 100 

5 100 


T A = -55°C to 1 25°C 

20 

20 


1 10 Input bias current* 

< 

o 

II 

o 

T A = 25 °C 

30 200 

30 200 


T A = -55°C to 1 25°C 

50 

20 


Common-mode 

V ICR , 

input voltage range 

T a = 25 °C 

±11 ±12 

±11 ±12 


Maximum peak 

v OM * * 

output voltage swing 

T a = 25 °C, R L = 10 kO 

±12 ±13.5 

±12 ±13.5 

V 

T a = - 55°C to 1 25°C 

R L > 10 kO 

±12 

±12 

R L > 2 kO 

±10 ±12 

±10 ±12 

Large-signal differential 

a VD 

voltage amplification 

V 0 = ±10 V, R l a: 2 kO, 

T a = 25 °C 

35 200 

35 200 

V/mV 

V 0 = ±10 V, R L >: 2 kO, 

T a = -55°C to 1 25 °C 

15 

15 

B-| Unity-gain bandwidth 

T a = 25 °C 

3 

3 


q Input resistance 

T A = 25 °C 

10 12 

lO* 2 

MM 

Common-mode 

CMRR 

rejection ratio 

V|C = V|c R min, Vq = 0, 

R S = 50 0, T a = 25 °C 

80 86 

80 86 

dB 

Supply voltage 
ksvR rejection ratio 

< AV CC± /AV IO ) 

V CC = ±15 V to ±9 V, V 0 = 0, 

R S = 50 0, T a = 25 °C 

80 86 

80 86 


Supply current 

ice 

(per amplifier) 

No load, V 0 = 0, 

T A = 25 °C 

1.4 2.5 

■EH 

mA 

V 0 i/V 0 2 Crosstalk attenuation 

A V d = 100 , T a = 25 °C 

120 

120 

dB 


+ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 

*lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse 
techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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electrical characteristics, Vcc ± - ±15 V (unless otherwise noted) 


ro 

co 


PARAMETER 

TEST CONDITONS* 

TL070I 

TL071I 

TL072I 

TL074I 

TL070C 

TL071C 

TL072C 

TL074C 

TL075C 

TL070AC 

TL071AC 

TL072AC 

TL074AC 

TL071BC 

TL072BC 

TL074BC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

Vq = 0, 

R S = 50 fi 

T a = 25 °C 

3 6 

3 10 

3 6 

2 3 

mV 

T a = full range 

8 

13 

7.5 

5 

Temperature 

a VIO coefficient of input 

offset voltage 

V 0 = 0, R S = 50 Q, 

T A = full range 

10 

10 

10 

10 

^v/°c 

l|Q Input offset current* 

o 

O 

> 

T A = 25 °C 

5 100 

5 100 

5 100 

5 100 

PA 

T a = full range 

10 

2 

2 

2 

nA 

l|B Input bias current* 

o 

o 

> 

T a = 25 °C 

30 200 

30 200 

30 200 

30 200 

PA 

T A = full range 

20 

7 

7 

7 

nA 

Common-mode 

V ICR u 

input voltage range 

T a = 25 °C 

±11 ±12 

±11 ±12 

±11 ±12 

±11 ±12 

V 

Maximum peak 

v OM + * l+ 

output voltage swing 

T a = 25 °C, R L = 10 kfi 

±12 ±13.5 

±12 ±13.5 

±12 ±13.5 

±12 ±13.5 

V 

T a = full range 

R L = > 10 kfl 

±12 

±12 

±12 

±12 

R L > 2 k!) 

±10 ±12 

±10 ±12 

±10 ±12 

±10 ±12 

Large-signal differential 

A\/D 

voltage amplification 

V Q = ±10 V, R L > 2 kfi, 

T a = 25 °C 

50 200 

25 200 

50 200 

50 200 

V/mV 

V 0 = ±10 V, R l > 2 kfi, 

T a = full range 

25 

15 

25 

25 

B-] Unity-gain bandwidth 

T a = 25 °C 

3 

3 

3 

3 

MHz 

q Input resistance 

T a = 25 °C 

10 12 

10 12 

10 12 

10l 2 

Q 

Common-mode 

CMRR 

rejection ratio 

V IC = V|CR min, V 0 = 0, 

R S = 50 fi, T a = 25 °C 

80 86 

70 86 

80 86 

80 86 

dB 

Supply voltage 

k SVR rejection ratio 

(AVcc±/AV|q) 

V CC = ±15 V to ±9 V, V Q = 0, 
R S = 50 fi, T a = 25 °C 

80 86 

70 86 

80 86 

80 86 

dB 

Supply current 

ice 

(per amplifier) 

No load, V 0 = 0, 

T a = 25 °C 

1.4 2.5 

1.4 2.5 

1.4 2.5 

1.4 2.5 

mA 

V 0 i/V 0 2 Crosstalk attenuation 

A V d = 100, T A = 25 °C 

120 

120 

120 

120 

dB 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is 25°C to 85°C for TL07_I and 0°C to 70°C 
for TL07_C, TL07_AC, and TL07_BC. 

*lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse techniques must be used that will 
maintain the junction temperatures as close to the ambient temperature as is possible. 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMLIFIERS 




Operational Amplifiers 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 

TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vqc± = ±15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TL07_M 

ALL OTHERS 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

SR Slew rate at unity gain 

V| = 10 V, R L = 2 kO, 

Cl = 100 pF, See Figure 1 

10 13 

8 13 

V//is 

t r Rise time 

Overshoot factor 

V| = 20 mV, R L = 2 kO, 

Cl = 100 pF, See Figure 1 

0.1 

0.1 

/IS 

10 

10 

% 

y Equivalent input 

n noise voltage 

R S = 100 Q 

f = 1 kHz 

18 

18 

nV/V~Hz 

f = 10 Hz to 10 kHz 

4 

4 

/iV 

Equivalent input 

In 

noise current 

R S = 100 0, f = 1 kHz 

0.01 

0.01 

pA/vHni 

Total harmonic 

THD 

distortion 

v O(rms) = 10 V, Rs ^ 1 kO, 

R L > 2 kfl, f = 1 kHz 

0.003 

0.003 

% 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2-GAIN-OF-IO INVERTING AMPLIFIER FIGURE 3-FEED-FORWARD 

COMPENSATION 


INPUT OFFSET VOLTAGE NULL CIRCUITS 




3-130 


Texas 

Instruments 


POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 





P D -Total Power Dissipated-mW V 0 M-Maximum Peak Output Voltage-V V 0M -Maximum Peak Output Voltage 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE 
FREQUENCY 



100 Ik 10 k 100 k 1 M 10 M 
f— Frequency— Hz 

FIGURE 6 


MAXIMUM PEAK OUTPUT VOLTAGE 
FREQUENCY 



f— Frequency— Hz 

FIGURE 7 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 



f— Frequency— Hz 


FIGURE 8 


MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE 

FREE-AIR TEMPERATURE LOAD RESISTANCE SUPPLY VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 0.1 0.2 0.4 0.7 1 2 4 7 10 0 2 4 6 8 10 12 14 16 

T/\-Free-Air Temperature— °C Rl— L oad Resistance— kft IVcCtl-SuPPiV Voltage-V 

FIGURE 9 FIGURE 10 FIGURE 11 


TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 -75 -55 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 

Ta — F ree-Air Temperature— C TA-Free-Air Temperature- 0 C |Vcc±l~Supply Voltage-V 

FIGURE 12 FIGURE 13 FIGURE 14 


t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 1 8-pF compensation 
capacitor is used with TL070 and TL070A. 
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Operational Amplifiers 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 

TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREE-AIR TEMPERATURE 




Ta— F ree-Air Temperature— °C 

FIGURE 15 


INPUT BIAS CURRENT 



Ta— F ree-Air Temperature— C 

FIGURE 18 


TYPICAL CHAR ACT E R 1ST I CSt 

LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 



00 Ik 10 k 100k 1 M 10 M 
f-Frequency— Hz 


NORMALIZED UNITY-GAIN BANDWIDTH 
and PHASE SHIFT 



Ta~ F ree-Air Temperature- C 

FIGURE 19 


TL070 

DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREQUENCY WITH FEED-FORWARD COMPENSATION 



NORMALIZED SLEW RATE 
FREE-AIR TEMPERATURE 



Ta— F ree-Air Temperature— C 


FIGURE 20 


COMMON-MODE REJECTION RATIO 
FREE-AIR TEMPERATURE 


EQUIVALENT INPUT NOISE VOLTAGE 


TOTAL HARMONIC DISTORTION 


V C C± = ±15 V 
Rl = iokn 















































-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 

FIGURE 21 



40 100 400 1 k 4 k 10 k 40k100k 

f— Frequency— Hz 



400 Ik 4 k 10 k 
f— Frequency— Hz 

FIGURE 23 


FIGURE 22 

* Data at high and low temperatures are applicable only with the rated operating free-air temperature ranges of the vaious devices. A 18-pF compensation 
capacitor is used with TL070 and TL070A. 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


VCC+ = ±15 V| 



0 0.5 1 1.5 2 2.5 3 3.5 

t— Time— ps 


OUTPUT VOLTAGE 
vs 

ELAPSED TIME 











J-OV 

ERSH 

pgq 

OOT 

h — 






’ i 

90% 







f\ 








1 


! 






f 







10%- 

r 




^CC 

R> r 

. 9 

iTv" 



IT - 





0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 


t -Time— /is 


FIGURE 24 


FIGURE 25 


3 


TYPICAL APPLICATION DATA 
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Operational Amplifiers 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 

TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 




I LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET INPUT OPERATIONAL AMPLIFIERS 

D2297, FEBRUARY 1977-REVISED SEPTEMBER 1983 


24 DEVICES COVER MILITARY, INDUSTRIAL AND COMMERCIAL TEMPERATURE RANGES 

. JFET-Input 


Low-Power Consumption 

Wide Common-Mode and Differential 
Voltage Ranges 

Low Input Bias and Offset Currents 
Output Short-Circuit Protection 

Low Total Harmonic 
Distortion . . . 0.003% TYP 


High Input Impedance . 

Stage 

Internal Frequency Compensation (Except 
TL080, TL080A) 

Latch-Up-Free Operation 
High Slew Rate ... 13 V/^s Typ 


TL080, TL080A 

JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

N1/COMP Ql U 8y COMP 
IN- E 2 7 ] V C C + 

IN + E 3 6 ] OUT 

Vcc- E 4 5 U OFFSET N2 


TL081 , TL081 A, TL081B 
JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

OFFSET N1 Ql U 8Q NC 

IN — C 2 7^V C C + 

IN + C 3 6 ] OUT 

Vcc - E« 5 H OFFSET N2 


AMPL 

#1 


TL082, TL082A, TL082B 
JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

out ni u sn v C c+ 

IN- C 2 7 I] OUT 

IN+ C 3 6 U IN 

VCC- E* 5 3 IN 


{: 



TL081M . . . FH OR FK 
CHIP CARRIER PACKAGE 
(TOP VIEW) 


U LL O O 

z o z z 



TL082M . . . FH OR FK 
CHIP CARRIER PACKAGE 
(TOP VIEW) 

\- 

D + 

O (j 

0^0 o o 
z % z > z 


NC ]4 
#1 IN- ] 5 
NC ]6 
#1 IN+ ] 7 
NC ]8 


3 2 1 20 19 


9 10 11 12 13 
i i r— ii inn . 

O I O + CJ 
Z u 2 2 Z 

^ - 


18 [ NC 
17 [ #2 OUT 
16 [ NC 
15[ #2 IN - 
14 [ NC 


NC — No internal connection 


DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 



TL080 

TL081 

TL082 

TL083 

TL084 

TL085 

TL08_M 

JG 

FH, FK, JG 

FH, FK, JG 

FH, FK, J 

FH, FK, J, W 

* 

TL08_I 

JG, P 

JG, P 

JG, P 

J, N 

J, N 

* 

TL08_C 

JG, P 

JG, P 

JG, P 

J, N 

J, N 

N 

TL08 — AC 

JG, P 

JG, P 

JG, P 

J, N 

J, N 

* 

TL08 — BC 

* 

JG, P 

JG, P 

* 

J, N 

* 


‘These combinations are not defined by this data sheet. 
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Operational Amplifiers 


TYPES TL080 THRU TL085 f TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TL083, TL083A 

J OR N DUAL-IIM-LIIME PACKAGE 
(TOP VIEW) 


#1 IN- £ 
#1 IN + £ 
#1 OFFSET N2 £ 

V C C- C 

#2 OFFSET N2 Q 
#2 IN + M 
#2 IN- Q 



] #1 OFFSET N1 

D vcc + 

2 #1 OUT 
NC 

#2 OUT 
VCC + 

#2 OFFSET N1 


Pins 9 and 1 3 are internally interconnected 


TL084, TL084A, TL084B 
J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMPL 

#2 


OUT C 

L 
C 

v cc+ t 4 

IN + [] 5 

C 6 

.OUT C 7 


fcilol f OUT 

rr< «N- 

LlN + 
VCC + 

{ IN + 
IN- 
OUT 


1 Ul4 

2 13 
12 
11 
10 | 

9 
81 


> 

:-> 


H out' 
D IN- 
D IN + 

IKYcc- 

2 IN H 
] IN- 
2 out x 


AMPL 

#4 


AMPL 

#3 



TL083M . . . FH OR FK 
CHIP CARRIER PACKAGE 
(TOP VIEW) 


+ I ft- 

^ Si 

»— T- CJ (J 

% % 2 =*»= > 



TL084M . . . FH OR FK 
CHIP CARRIER PACKAGE 
(TOP VIEW) 

I 


O ? 


2 o 

u ^ 

=*fc 2 =*>= 


3 2 1 20 19 \ 

#1 IN + ] 4 18 [ #4 IN + 

NC ] 5 17 [ NC 

Vcc+ ] 6 16 C Vcc- 

NC ] 7 15 [ NC 

#2 IN + ]8 14 [ #3 IN + 

X 9 10 11 12 13 / 

X f— 1 1 i r — 1 1 i < i / 


| I— O i— 
' D Z 3 
^ O 
cm CM 


=«= 


O ^ 
CO CO 


symbols 


TL085 

N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMPL 
# 


AMPL 

#2 


< l {; 

{ OUT | 
IN + | 
IN- | 


IN - H 
IN+ Q 

outC 

outC 

c 
c 

vcc- c 


T71 


35 


P IN- 
IN + 
OUT 

J V C C 
Hour 
2 IN + 
□ IN — 


AMPL 

#4 


AMPL 

#3 


NC — No internal connection 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


description 

The TL08— JFET-input operational amplifier family is designed to offer a wider selection than any previously developed 
operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched, high-voltage 
JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external compensation 
options are available within the TL08_ family. 

Device types with an "M" suffix are characterized for operation over the full military temperature range of -55°C 
to 1 25 °C, those with an "I" suffix are characterized for operation from - 25 °C to 85 °C, and those with a "C" suffix 
are characterized for operation from 0°C to 70 °C. 



OFFSET 

NULL 

(N1) 


FFSET C1 = 18 pp on TL081 T lo82, TL083, TL084, AND TL095 ONLY 
NULL (INCLUDING THEIR SUFFIX VERSIONS). 

(N2) , COMPONENT VALUES SHOWN ARE NOMINAL. 


TL081 AND TL083 ONLY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 




TL08_M 

TL08_I 

TL08__C 

TL08—AC 

TL08_BC 

UNIT 

Supply voltage, Vcc+ (see Note 1) 

18 

18 

18 

V 

Supply voltage, Vqc- ( see Note D 

-18 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (see Notes 1 and 3) 

±15 

±15 

±15 

V 

Duration of output short circuit (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 

680 

680 

680 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 

FH, FK, J, JG, or W package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) 

from case for 10 seconds 

N or P package 


260 

260 

°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vqc+ and Vqc-- 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 
is not exceeded. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the J and JG packages, TL08_M chips 
are alloy-mounted; TL08_I, TL08_C, TL08_AC, and TL08_BC chips are glass-mounted. 
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Operational Amplifiers 


TYPES TL080M, TL081M, TL082M, TL083M, TL084M 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc ± = ± 1 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TL080M, TL081M 

TL082M, TL083M 

TL084M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

V 0 = 0, 

R S = 50 fl 

T a = 25 °C 

3 6 

3 9 

mV 

T a = - 55°C to 125°C 

9 

15 

Temperature 

«VIO coefficient of input 

offset voltage 

V 0 = 0, R S = 50 0, 

T A - - 55 °C to 125°C 

10 

10 

nV/°c 

l|0 Input offset current* 

o 

o 

> 

T a = 25 °C 

5 100 

5 100 

pA 

T a = - 55 °C to 125°C 

20 

20 

nA 

l|B Input bias current* 

o 

o 

> 

T a = 25 °C 

30 200 

30 200 

PA 

T a = - 55 °C to 125°C 

50 

20 

nA 

Common-mode 

V| C R 

input voltage range 

T A = 25 °C 

±11 ±12 

±11 ±12 

V 

Maximum peak 

v OM * * i* 

output voltage swing 

T A = 25 °C, R l = 10 kO 

±12 ±13.5 

±12 ±13.5 

V 

T a = - 55 °C to 1 25 °C 

R l > 10 kfi 

±12 

±12 

R L > 2 kfl 

±10 ±12 

±10 ±12 

Large-signal differential 

A\/D 

voltage amplification 

V 0 = ±10 V, R l > 2 kfi, 

T a = 25 °C 

25 200 

25 200 

V/mV 

V 0 = ±10 V, R L >: 2 kQ, 

T A = - 55 °C to 1 25°C 

15 

15 

Unity-gain bandwidth 

T a = 25 °C 

3 

3 

MHz 

rj Input resistance 

T a = 25°C 

10 12 

1012 

0 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min - v O = °- 

R s = 50 n, T a = 25 °C 

80 86 

80 86 

dB 

Supply voltage 
ks\/R rejection ratio 

(AV CC± /AV| 0 ) 

V CC - ±15 V to ±9 V, V 0 = 0, 

R S = 50 Q, T a = 25 °C 

80 86 

80 86 

dB 

Supply current 

ice 

(per amplifier) 

No load, V 0 = 0, 

T a = 25 °C 

1.4 2.8 

1.4 2.8 

mA 

V 0 i/V 0 2 Crosstalk attenuation 

A V d = 100, T a = 25 °C 

120 

120 

dB 


All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 

*lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse 
techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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electrical characteristics, Vcc± = ± 15 V (unless otherwise noted) 


co 

CO 


PARAMETER 

TEST COIMDITOIMS* 

TL080I 

TL081I 

TL082I 

TL083I 

TL084I 

TL080C 

TL081C 

TL082C 

TL083C 

TL084C 

TL085C 

TL080AC 

TL081AC 

TL082AC 

TL083AC 

TL084AC 

TL081BC 

TL082BC 

TL084BC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vjo Input offset voltage 

V 0 = 0, 

R S = 50 fl 

T A = 25 °C 

3 6 

3 15 

3 6 

2 3 

mV 

Ta = full range 

9 

20 

7.5 

5 

Temperature 

a\/IO coefficient of input 

offset voltage 

Vo =0, R S = 50 fi, 

T A = full range 

10 

10 

10 

10 

*iV/°C 

1(0 Input offset current* 

V 0 = 0 

T a = 25 °C 

5 100 

5 200 

5 100 

5 100 

PA 

T a = full range 

10 

2 

2 

2 

nA 

l|B Input bias current* 

o 

ii 

o 

> 

T a = 25 °C 

30 200 

30 400 

30 200 

30 200 

PA 

T a = full range 

20 

10 

7 

7 

nA 

Common-mode 

V| C R 

input voltage range 

T A = 25°C 

±11 ±12 

±11 ±12 

±11 ±12 

±11 ±12 

V 

Maximum peak 

v OM 

output voltage swing 

T A = 25 °C, R l = 10 kfi 

±12 ±13.5 

±12 ±13.5 

±12 ±13.5 

±12 ±13.5 

V 

T A = full range 

R L = > 10 kfi 

±12 

±12 

±12 

±12 

R L > 2 kfi 

±10 ±12 

±10 ±12 

±10 ±12 

±10 ±12 

V/mV 

Large-signal differential 

A\/D 

voltage amplification 

V 0 = ±10 V, R L > 2 kfi, 

T A = 25 °C 

50 200 

25 200 

50 200 

50 200 

V 0 = ±10 V, R l >2 kfi, 

T A = full range 

25 

15 

25 

25 

B-| Unity-gain bandwidth 

T A = 25 °C 

3 

3 

3 

3 

MHz 

rj Input resistance 

T A = 25 °C 

10 12 

10 12 

10 12 

10* 2 

fi 

Common-mode 

CMRR 

rejection ratio 

V|C = V |CR min, Vq = 0, 

R s = 50 fi, T A = 25 °C 

80 86 

70 86 

80 86 

80 86 

dB 

Supply voltage 

k$VR rejection ratio 

< AV CC± /AV IO> 

V C C = ±15 V to ±9 V, V 0 = 0, 
R S = 50 fi, T A = 25 °C 

80 86 

70 86 

80 86 

80 86 

dB 

Supply current 

ice 

(per amplifier) 

No load, 

Vo = o, 

T A = 25°C 

1.4 2.8 

1.4 2.8 

1.4 2.8 

1.4 2.8 

mA 

V 0 i/V 0 2 Crosstalk attenuation 

A V D = 100, T A = 25 °C 

120 

120 

120 

120 

dB 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is 25 °C to 85 °C for TL08_I and 0°C to 70°C 
for TL08_C, TL08_AC, and TL08_BC. 

*lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse techniques must be used that will 
maintain the junction temperatures as close to the ambient temperature as is possible. 
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Operational Amplifiers 


TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 



Operational Amplifiers 


TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vqc± = ±15 V, Ta = 25 °C 


PARAMETER [ 

TEST CONDITIONS 1 

MIN TYP MAX 

UNIT 

SR 

Slew rate at unity gain 

V| = 10 V, 

C L = 100 pF, 

Rj_ = 2 kO, 

See Figure 1 

8 13 

V/fis 

t r 

Rise time 

V| = 20 mV, 

R L = 2 kfi. 

0.1 

flS 

Overshoot factor 

C L = 100 pF, 

See Figure 1 

10% 



Equivalent input noise voltage 

R S = 100 0 

f = 1 kHz 

18 

nV/VHz 

v n 

f = 10 Hz to 10 kHz 

4 

MV 

•n 

Equivalent input noise current 

R S = 100 fl. 

f = 1 kHz 

0.01 

pA/VHi 

THD 

Total harmonic distortion 

v O(rms) = 10 V, 

R L > 2 kO, 

R$< 1 kO, 
f = 1 kHz 

0.003% 



PARAMETER MEASUREMENT INFORMATION 


100 k CL 




10 kf2 



FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2-GAIN-OF-IO INVERTING AMPLIFIER FIGURE 3-FEED-FORWARD 

COMPENSATION 


INPUT OFFSET VOLTAGE NULL CIRCUITS 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 



FIGURE 6 


MAXIMUM PEAK OUTPUT VOLTAGE 
FREQUENCY 



f- Frequency— Hz 

FIGURE 7 


MAXIMUM PEAK OUTPUT VOLTAGE 

FREE-AIR TEMPERATURE 
±15 

> 

| ±12.5 
> 

I ±10 

0 

1 ±7 - 5 

E 

1 ±5 

s 

2 ± 2.5 
o 
> 

0 

-75 -50 -25 0 25 50 75 100 125 

T^-Free-Air Temperature- 0 C 

FIGURE 9 



MAXIMUM PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 



FIGURE 10 


MAXIMUM PEAK OUTPUT VOLTAGE 



10 k 40 k 100 k 400k 1M 4M 10 M 


f— Frequency-Hz 

FIGURE 8 


MAXIMUM PEAK OUTPUT VOLTAGE 



0 2 4 6 8 10 12 14 16 

IVCC± I -Supply Voltage-V 

FIGURE 11 



LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


TL080, TL080A 

DIFFERENTIAL VOLTAGE AMPLIFICATION 


! 

< 

! 

:> 

•I 

| 

i 

Q 

Q 



-75 -50 -25 0 25 50 75 100 125 


T/\— Free-Air Temperature— °C 


FREQUENCY 




100 Ik 10 k 100 k 1 M 10 M 
f- Frequency— Hz 


FIGURE 12 FIGURE 13 FIGURE 14 

^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 12-pF compensation 
capacitor is used with TL080 and TL080A. 
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Operational Amplifiers 


TYPICAL CHARACTERISTICS t 


TOTAL POWER DISSIPATED 



-75 -50 -25 0 25 50 75 100 125 

T/\— Free-Air Temperature— °C 




INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 



COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 


t f 

a 

cc 

S 

° 83 


Vcc 

Rl 

:± = ± 

= 101 

15 V 

SI 















































-75 -50 -25 0 25 50 75 100 125 

T/v-Free-Air Temperature- 0 C 


SUPPLY CURRENT PER AMPLIFIER 
vs 

FREE-AIR TEMPERATURE 



Ta~ F ree-Air Temperature— 

FIGURE 16 


VOLTAGE-FOLLOWER 



0 0.5 1 1.5 2 2.5 3 3.5 

t-Time — uS 


EQUIVALENT INPUT NOISE VOLTAGE 
FREQUENCY 



SUPPLY CURRENT 
SUPPLY VOLTAGE 


_T A '=25° 
No signal 

C 
























— 



















11 



































4 6 8 10 12 14 16 

I V CC± I -Supply Voltage— V 


OUTPUT VOLTAGE 
ELAPSED TIME 



FIGURE 20 


TOTAL HARMONIC DISTORTION 



400 Ik 4 k 10 k 40 k 100 k 
f-Frequency— Hz 


FIGURE 21 FIGURE 22 FIGURE 23 

^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 1 2-pF compensation 
capacitor is used with TL080 and TL080A. 














Operational Amplifiers 


TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 



2 kHz/div 

SECOND-ORDER BANDPASS FILTER 
f Q = 100 kHz, Q = 30, GAIN = 4 


f 0 = 100 kHz, Q = 69, GAIN = 16 



FIGURE 28-POSITIVE-FEEDBACK BANDPASS FILTER 



d 100£2 47ld2S 5kS2«4-i|f 

T 1°P p GAIN] 4 7 MF 



lOkft 3.3 kft j ™EBLE 


J TL080> * 

+ Rext OUTPUT 


FIGURE 29— 1C PREAMPLIFIER 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL087, TL088, TL287, TL288 
JFET INPUT OPERATIONAL AMPLIFIERS 

D2484, MARCH 1979-REVISED AUGUST 1983 




Low Input Offset Voltage ... 0.5 mV Max 
Low Power Consumption 

Wide Common-Mode and Differential 
Voltage Ranges 

Low Input Bias and Offset Currents 
Output Short-Circuit Protection 


• High Input Impedance . . . JFET-Input Stage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• High Slew Rate ... 13 VI/jls Typ 

• Low Total Harmonic 
Distortion . . . 0.003% Typ 


description 

These JFET-input operational amplifiers incorporate well-matched high-voltage JFET and bipolar transistors in a 
monolithic integrated circuit. They feature low input offset voltage, high slew rate, low input bias and offset current, 
and low temperature coefficient of input offset voltage. Offset-voltage adjustment is provided for the TL087 and TL088. 


Device types with an "M" suffix are characterized for operation over the full military temperature range of -55°C 
to 1 25 °C, those with an 'T' suffix are characterized for operation from - 25 °C to 85 °C, and those with a "C" suffix 
are characterized for operation from 0°C to 70 °C. 



TL087, TL088 

D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


TL088M 

U FLAT PACKAGE 
(TOP VIEW) 


OFFSET N1 C 
IN - C 
IN+C 
VCC- C 


ror 

2 7 

3 6 

4 5 


J NC 

H vcc + 

u OUT 

J OFFSET N2 


NC D 
OFFSET N1 C 
IN- H 
IN+ C 
VCC - C 


M 10 

2 9 

3 8 

4 7 

5 6 


U NC 
D NC 

H vcc + 

D OUT 

J OFFSET N2 


TL287, TL288 

D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


TL288M 

U FLAT PACKAGE 
(TOP VIEW) 


AMPL 

#1 


r out c 

< IN- C 
I IN+ C 

v cc- C 


1 U 8 

2 7 

3 6 

4 5 


J Vcc 

u OUT 
□ IN — 
J IN + 


+ 

} 


AMPL 

#2 


NC — No internal connection 


{ OUT 
IN- 
IN + 


NC C 

c 
c 
c 

v cc- C 


1 10 H 

2 9 ] 

3 8 U 

4 7 ] 

5 6 U 


NC 


VCC + 
OUT 

IN- J> 
IN -f / 


AMPL 

#2 


symbol (each amplifier) 


NONINVE RTING 
INPUT IN+ 
INVERTING 
INPUT IN- 



OUTPUT 
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Operational Amplifiers 


TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL088M 

TL288M 

TL087I 

TL088I 

TL287I 

TL288I 

TL087C 

TL088C 

TL287C 

TL288C 

UNIT 

Supply voltage, Vcc + (see Note 1) 

18 

18 

18 

V 

Supply voltage, Vcc - (see Note 1) 

-18 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (see Notes 1 and 3) 

±15 

±15 

±15 

V 

Duration of output short circuit (see Note 4) 

unlimited 

unlimited 

unlimited 


Continuous total dissipation at (or below) 

25 °C free-air temperature (see Note 5) 

JG or P package 

680 

680 

680 

mW 

U package 

675 



D package 


725 

725 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from 

case for 60 seconds 

JG or U package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from 

case for 10 seconds 

D or P package 


260 

260 

°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vqq + and Vqq_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 
is not exceeded. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL088M and TL288M chips 
are alloy-mounted; TL087I, TL088I, TL287I, TL288I, TL087C, TL088C, TL287C. and TL288C chips are glass-mounted. 
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Instruments 


electrical characteristics, Vqc± 


±15 V 




co 


PARAMETER 

TEST CONDITIONS* 

TL088M 

TL288M 

TL087I 

TL088I 

TL287I 

TL288I 

TL087C 

TL088C 

TL287C 

TL288C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

RS = 50 0, 

V 0 = 0, 

T A = 25 °C 

TL087, TL287 


0.1 0.5 

0.1 0.5 

mV 

TL088, TL288 

0.1 3 

0.1 1 

0.1 1 

RS = 50 Q, 

V 0 = 0, 

T A = full range 

TL087, TL287 


2 

1.5 

TL088, TL288 

6 

3 

2.5 

Temperature coefficient 

a VIO 

of input offset voltage 

R$ = 50 fi, Ta = full range 

10 

10 

10 

A V/°C 

l|0 Input offset current 

T A = 25 °C 

5 100 

5 100 

5 100 

PA 

T A = full range 

25 

3 

2 

nA 

l|B Input bias current* 

T A = 25 °C 

30 400 

30 200 

30 200 

pA 

T A = full range 

100 

20 

7 

nA 

Common-mode input 

V| C R 

voltage range 

O 

ID 

CM 

II 

< 

1- 

v C c - +4 

to 

V CC+ ~ 4 

V CC- +4 
to 

V CC+ ~ 4 

Vcc - +4 

to 

Vcc+ ~ 4 

V 

Maximum-peak-to-peak 

Vopp 

output voltage swing 

T A = 25 °C, R L = 10 kQ 

24 27 

24 27 

24 27 

V 

T A = full range 

RL > 10 kQ 

24 

24 

24 

R|_ > 2 kQ 

20 

20 

20 

Large-signal differential 
AvD voltage amplification 

R L > 2 kQ, V 0 = ±10 V, 

T A = 25 °C 

50 200 

50 200 

50 200 

V/mV 

R[_ > 2 kQ, Vq = ±10 V, 

T A = full range 

25 

25 

25 

Bi Unity-gain bandwidth 

T A = 25 °C 

3 

3 

3 

MHz 

rj Input resistance 

T A = 25 °C 

10* 2 

1012 

1012 

Q 

Common-mode rejection 

CMRR 

ratio 

RS = 50 Q, V 0 = 0, 

V IC = V ICR min ' Ta = 25 ° c 

80 95 

80 95 

80 95 

dB 

Supply voltage rejection 
ratio (AVcc±/A\/| 0 ) 

R S = 50 Q, Vq = 0 V, 

V C c± = ±9 V to ±15 V, 

T A = 25 °C 

80 95 

80 95 

80 95 

dB 

Supply current 
(per amplifier) 

No load, Vq = 0, 

T A = 25 °C 

1.4 2.8 

1.4 2.8 

1.4 2.8 

mA 


* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is — 55 °C 

to 1 25 °C for Tl 88M; -25°C to 85°C for TL_8_I; and 0°C to 70°C for TL_8_C. 

* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques must be 
used that will maintain the junction temperature as close to the ambient temperature as possible. 
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Operational Amplifiers 


TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 1 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

FREQUENCY FREQUENCY FREQUENCY 



f-Frequency— Hz ’ f— Frequency— Hz f— Frequency— Hz 

FIGURE 1 FIGURE 2 FIGURE 3 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 



FIGURE 4 


FIGURE 5 


FIGURE 6 


^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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l-Mode Rejection Ratic 


TYPES TL087, TL088, TL287, TL288 
JFET INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHAR ACTE RISTICSt 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


NORMALIZED UNITY-GAIN BANDWIDTH 
and PHASE SHIFT 


4 " V C C± = ±15 V 

~V 0 = ±10V ' 

Rl = 2 kf2 

1 I l 1 1111 

-75 -50 -25 0 25 50 75 100 125 

T A -Free-Air Temperature— °C 


V C C± = ±5 V to ±15 V 
RL = 2kO 
- T A = 25° C 

I I 

DIFFERENTIAL - 0 

VOLTAGE £ 

\ AMPLIFICATION o £ 
(left scale) ' 45 ° 8 


PHASE SHIFT 
r (right scale) ~ 


1 10 100 Ik 10 k 100 k 1M 10 M 

f— Frequency— Hz 




n 

rTTTT~ 

UNITY-GAIN BANDWIDTH 





(le 

t seal 

e) 


• 



ts 



. — 


(ric 

SHIFT 

|ht sea 

le) 

' 






1 

v cc ± = 

±15 V 




\ 


f ■ 

B-) for Phase Shi 

1 1 

ft 





-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature-°C 


TOTAL POWER DISSIPATED 
FREE-AIR TEMPERATURE 


125 

| iQo 






Vcc± = ±15 v 

No signal 

i 

a. 





fee 

>1 


se 


5 

1 

£ 50 




Tt -087 ~ 



H 

Q QC 






— 


aT 25 

0 










-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 


SUPPLY CURRENT PER AMPLIFIER 
vs 

FREE-AIR TEMPERATURE 







Vnr 

r~i 







No signal 


































































-75 -55 -25 0 25 50 75 100 125 

T A -Free-Air Temperature- 0 C 


INPUT BIAS L JRRENT 
FREE-AIR TEMPERATURE 


-50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 


COMMON-MODE REJECTION RATIO 
FREE-AIR TEMPERATURE 


— 1 — 
v C c± 

— 1 — 
= ±15 V 

±10 V 






R L = 1 

Okfi 














* 

























VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


Vcc±=±15V 
l RL = 2ki2 

\Ta=25° 

C 

\ 




\ 


\ 





OUTPUT VOLTAGE 
ELAPSED TIME 



-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 


0 0.5 1 1.5 2 2.5 3 3.5 

t— Time — /js 


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

t— Time— fts 


'Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Operational Amplifiers 


TYPES TL087, TL088, TL287, TL288 
JFET INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS'!' 


3 


NORMALIZED SLEW RATE 


vs 



-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


EQUIVALENT INPUT NOISE VOLTAGE 


vs 



10 40 100 400 Ik 4k 10k 40k 100k 

f— Frequency— Hz 


FIGURE 16 


FIGURE 17 


TOTAL HARMONIC DISTORTION 


vs 



100 400 1 k 4 k 10 k 40 k 100 k 

f— Frequency— Hz 
FIGURE 18 


*Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Continuous-Short Circuit Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Unity-Gain Bandwidth 3 MHz Typical 


TYPE TL136C 

QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

D2604, NOVEMBER 1981 -REVISED AUGUST 1983 


D, J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMPL 

#1 


AMPL 

#2 


{ OUT H 
IN- C 

in + L 

Vcc+ C 

{ IN + c 

IN- C, 
OUT C 


TTi 


3 out'' 
3 IN- 
3 IN+ . 
3 v cc- 
3 in + 

3 in- 

3 OUT., 


■} 

;> 


AMPL 

#4 


AMPL 

#3 


• Gain and Phase Match Between Amplifiers 


description 

The TL1 36C is a quad high-performance operational 
amplifier with each amplifier electrically similar to 
uA741 except that offset null capability is not 
provided. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit protected and the internal frequency 
compensation ensures stability without external 
components. 

The TL1 36C is characterized for operation from 0°C 
to 70 °C. 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 



schematic (each amplifier) 
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TYPE TL136C 

QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note 1) 18V 

Supply voltage Vcc - ( see Note 1) -18V 

Differential input voltage (see Note 2) ±30 V 

Input voltage (any input, see Notes 1 and 3) ± 1 5 V 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 800 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package 260 °C 


NOTES: 



1 . All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + anc * V CC - • 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the J package, the chips are glass-mounted. 
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TYPE TL136C 

QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature, Vcc+ = 15 V, Vcc- = -15 V 


PARAMETER 

TEST CONDITIONS f 

MIN TYP MAX 

UNIT 

V|o Input offset voltage 

V 0 = 0 , R S = 50 fi 

25 °C 

0.5 6 

mV 

0°C to 70 °C 

7.5 

l|0 Input offset current 

< 

o 

II 

o 

25 °C 

5 200 

nA 

0°C to 70 °C 

300 

l|B Input bias current 

o 

II 

$ 

25 °C 

40 500 

nA 

0°C to 70 °C 

800 

Common-mode 

V|CR 

input voltage range 


O 

to 

CVI 

±12 ±14 

V 

Maximum peak-to-peak 

Vopp 

output voltage swing 

R|_ = 1 0 kO 

25 °C 

24 28 

V 

R L = 2 kO 

25 °C 

<o 

CN 

O 

CM 

R L > 2 kQ 

0°C to 70 °C 

20 

Large-signal differential 

A\/D 

voltage amplification 

R[_ > 2 kQ, V 0 = ±10 V 

25 °C 

20 300 

V/mV 

0°C to 70 °C 

15 

B-| Unity-gain bandwidth 


25 °C 

3 

MHz 

rj Input resistance 


25 °C 

0.3 5 

MQ 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min ' 

RS = 50 Q 

25 °C 

70 90 

dB 

Supply voltage sensitivity 
kSVS (A V| 0 /AV C C> 

V CC± = ±9 V to ± 15 V, 

R S = 50 Q 

25 °C 

30 150 

AiV/V 

y Equivalent input 

n noise voltage (closed-loop) 

A V d = 100, R S = 100 0, 
f = 1 kHz, BW = 1 Hz 

25 °C 

7.5 

nVA/Hz 

Supply current 

^ (All four amplifiers) 

No load, V 0 = 0 V 

25 °C 

5 11.3 

mA 

0°C 

6 13.7 

70 °C 

4.5 11.3 

Total power dissipation 

Pn 

(All four amplifiers) 

No load, V 0 = OV 

25 °C 

1 50 340 

mW 

0°C 

1 80 400 

70 °C 

135 300 

Open loop 

^o1^o2 Crosstalk attenuation 

a VD 

RS = 1 kO, f - 10 kHz 

25 °C 

105 

dB 

25 °C 

105 


^ Alt characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


operating characteristics, Vqc+ = 15 V, VcC- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

t r Rise time 

V| = 20 mV, R L = 2 kQ, 

C L = 100 pF 

0.13 

US 

SR Slew rate at unity gain 

V| = 10 V, R|_ - 2 kQ, 

C L = 100 pF 

2.0 

v/lis 
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3-154 



LINEAR 

INTEGRATED 

CIRCUITS 


• Small-Signal Unity-Gain Bandwidth 
... 20 MHz Typ 

• Noninverting Slew Rate ... 50 V//*s Typ 
(Unity-Gain Follower) 

• Internal Frequency Compensation 

• Full-Power Bandwidth at VoPP = 20 V 
... 400 kHz Typ 


• Open-Loop Gain at Full-Power Bandwidth, 
VoPP = 20 V ... 34 dB Typ 

• Output Short-Circuit Protection 

• TL291 Has Offset Null Capability 

• Pinout is Same as Standard General Purpose 
Operational Amplifiers 


description 

These devices are high-speed operational amplifiers 
designed for applications requiring wide bandwidth 
and a fast slew rate. These monolithic circuits 
incorporate new high-frequency P-N-P transistors that 
eliminate the need for large feed-forward capacitors 
required in previous moderately high-frequency 
designs to pass the signal around slow lateral P-N-P 
stages. 

These operational amplifiers have a typical full-power 
bandwidth of 400 kilohertz for a 20-volt peak-to-peak 
output swing, because of the higher 20-megahertz 
unity-gain bandwidth, the typical open-loop gain at the 
400-kilohertz full-power bandwidth is a very 
respectable 34 decibels. 


TYPES TL291, TL292, TL294 
HIGH-FREQUENCY OPERATIONAL AMPLIFIERS 


D2782, SEPTEMBER 1983 


TL291 

JG OR P DUAL-IN LINE PACKAGE 
(TOP VIEW) 


OFFSET N1 C 
IN- C 
IN 4- C 

vcc- 4 


rcri 

2 7 

3 6 

4 5 


H NC 
U V CC + 

U OUT 

J OFFSET N2 


TL292 

JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMP 

#1 


fOUT C 
< IN- C 

v IN + C 

vcc- C 


1 U 8 

2 7 

3 6 

4 5 


H vcc + 

u OUT 
□ IN — 

J IN + 


-t- 

} 


AMP 

#2 



TL294 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMP 

#1 


AMP 

#2 


r out c 

IN- C 
|jN+ C 

vcc+ C 

{ IN -I- c 
IN- C 
OUT C 


tj; 


OUT 1 
IN — J> 
IN + J 
vcc- 

IN+ 'I 
IN- l 
OUT J 


AMP 

#4 


AMP 

#3 


NC — No internal connection 


symbol (each amplifier) 


The TL291 single-channel operational amplifier pinout 
includes offset nulling, which is easily accomplished 
by connecting a potentiometer across the offset null 
pins with the wiper connected to the VqC- P' n - 

The TL291M, TL292M, and TL294M will be 
characterized for operation over the full military 
temperature range of - 55 °C to 1 25 °C. The TL29 1 C, 
TL292C, and TL294C will be characterized for 
operation from 0°C to 70 °C. 


OFFSET NULL N1 

OFFSET NULL N2 

NONINVERTING 
INPUT IN+ 

INVERTING 

INPUT IN- 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Wide Range of Supply Voltages Single 
Supply ... 3 V to 30 V or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage . . . 0.8 mA Typ 

• Common-Mode Input Voltage Range Includes 
Ground Allowing Direct Sensing near Ground 


• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV TYP 
Input Offset Current . . . 3 nA Typ (TL321M) 
Input bias Current ... 45 nA Typ 


• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ±32 V 


• Open-Loop Differential Voltage 
Amplification ... 100 V/ mV Typ 


• Internal Frequency Compensation 


symbol 



TYPES TL321M, TL321I, TL321C 
OPERATIONAL AMPLIFIERS 

D2343, APRIL 1977-REVISED AUGUST 1983 


TL321M . . . JG 
TL321I, TL321C . . . JG OR P 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


NC C 
IN- C 
IN + C 
GND C 


ruT 

2 7 

3 6 

4 5 


H NC 

H vcc 

U OUT 
H NC 


TL321M . . . FH OR FK 
CHIP CARRIER PACKAGE 
(TOP VIEW) 


(J o u o o 
z z z z z 


NC ]4 
IN- ] 5 
NC ]6 
IN -h H 7 
NC ]8 


I — 1 1 — 1 1 — 1 1 — I L_J 

3 2 1 20 19 


18 [ NC 
17 [ V C C 
16 [ NC 
15[ OUT 
14 [ NC 


9 10 11 12 13 
, nnnr-in , 

(J Q O O O 

z z z z z 
o 


NC — No internal connection 


3 


description 

The TL321 is a high-gain, frequency-compensated operational amplifier that was designed specifically to operate from 
a single supply over a wide range of voltages. Operation from split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts and Pin 7 is at least 1 .5 volts more positive than the input common- 
mode voltage. The low supply current drain is independent of the magnitude of the supply voltage. 

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier circuits 
that now can be more easily implemented in single-supply-voltage systems. For example, the TL321 can be operated 
directly off of the standard five-volt supply that is used in digital systems and will easily provide the required interface 
electronics without requiring additional ± 1 5-volt supplies. 

The TL321 M is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C. The TL321 1 
is characterized for operation from -25°C to 85 °C. The TL321C is characterized for operation from 0°C to 70 °C. 
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TYPES TL321M, TL321I, TL321C 
OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 32 V 

Differential input voltage (see Note 2) ± 32 V 

Input voltage range (either input) -0.3 V to 32 V 

Duration of output short-circuit to ground at (or below) 25 °C free-air temperature 

(Vcc ^ 1 5 V) (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 680 mW 

Operating free-air temperature range: TL321M -55°C to 125°C 

TL321I -25°C to 85 °C 

TL321C 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from the output to can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL321 M chips are alloy-mounted; 
TL321I and TL321C chips are glass-mounted. 
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TYPES TL321M, TL321I, TL321C 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

TL321M, TL321I 

TL321C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

V IC = V ICR min ' 

V C c = 5 V to 30 V, 
Vq = 1.4 V, 

R S = 50 kfl 

25 °C 

2 5 

2 7 


Full range 

7 

9 

IjO Input offset current 

V 0 = 1.4 V 

25 °C 

3 30 

5 50 

nA 

Full range 

100 

150 

l|B Input bias current 

V 0 = 1 .4 V, 

25 °C 

-45 -150 

-45 -250 

nA 

Full range 

-300 

-500 

Common-mode input 

V|CR 

voltage range 

V C c = 5 V to 30 V 

25 °C 

0 to 

VCC-I.5 

0 to 

V C C -1-5 

V 

Full range 

0 to 

Vcc -2 

0 to 

Vcc -2 

Vqh High-level output voltage 

V C C = 30 V, 

R L = 2 kfl 

Full range 

26 

26 

V 

V C C = 30 V, 

R L > 10 kfi 

Full range 

27 28 

27 28 

R|_ > 2 kfi 

25°C 

3.5 

3.5 

Vql Low-level output voltage 

R L < 10 kfi 

Full range 

5 20 

5 20 

mV 

Large-signal differential 

A\/D 

voltage amplification 

V C C = 15 V, 

Vq = 1 V to 1 1 V, 

R|_ > 2 kfl 

25 °C 

50 100 

25 100 

V/mV 

Full range 

25 

15 

Common-mode 

CMRR 

rejection ratio 

V IC = v icR min, 

R S = 50 Q 

25 °C 

70 85 

65 85 

dB 

Supply voltage rejection 

^ VR ratio(AVcQ/AV|o) 

Vcc = 5 V to 30 V, 
R S = 50 0 

25 °C 

65 100 

65 100 

dB 

Iq Output current 

Source 

V C C = 15 V, 

V| D = 1 V, 

V 0 = 0 

25 °C 

-25 -40 

-20 -40 

mA 

Full range 

-10 -20 

-10 -20 

Sink 

V C C = 15 V, 

V| D = -1 V, 

V 0 = 1 5 V 

25 °C 

10 20 

10 20 

Full range 

5 8 

5 8 



V| D = -1 V, 

Vq = 200 mV 

25°C 

12 50 

12 50 

nA 

IqC Supply current 

No load 

Vq = 15 V, 

V C c = 30 V 

Full range 

2 

2 

mA 

No load 

V 0 = 2.5 V, 

V C C = 5 V 

Full range 

0.4 1 

1 


* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 55 °C to 1 25 °C 
for TL321 M, -25°C to 85°C for TL321I, and 0°C to 70°C for TL321C. 
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LINEAR 

INTEGRATED 

CIRCUITS 


Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V or 
Dual Supplies 

Class AB Output Stage 
True Differential Input Stage 


• Low Input Bias Current 


• Internal Frequency Compensation 


• Short-Circuit Protection 


TYPES TL322M, TL322I, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

D2567, OCTOBER 1979-REVISED SEPTEMBER 1983 


TL322M . . . JG PACKAGE 
TL322I, TL322C . . . D, JG. OR P PACKAGE 
{TOP VIEW) 


OUT 



[TTCJI 

C 2 7 

C 3 6 

\Z 4 5 


Vcc + 

OUT"! 
IN- > 

IN+ J 


AMPL 

#2 


description symbol (each amplifier) 

The TL322M, TL322I, and the TL322C are dual 
operational amplifiers similar in performance to the 
MC3403. They are designed to operate from a single 
supply over a range of voltages from 3 volts to 36 
volts. Operation from split supplies is also possible 
provided the difference between the two supplies is 
3 volts to 36 volts. The common-mode input range 
includes the negative supply. Output range is from the 
negative supply to Vcc~ 1.5 V. Quiescent supply 
currents per amplifier are typically less than one-half 
those of the uA741 . 

The TL322M is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C. 

The TL322I is characterized for operation from 
-40°C to 85 °C. The TL322C is characterized for 
operation from 0°C to 70 °C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


i 

TL322M 

TL322I 

TL322C 

UNIT 

Supply voltage Vcc + (see Note 1) 

18 

18 

18 

V 

Supply voltage V^C- (see Note 1) 

-18 

-18 

- 18 

V 

Supply voltage Vqc + with respect to V£C- 

36 

36 

36 

V 

Differential input voltage (see Note 2) 

±36 

±36 

±36 

V 

Input voltage (see Notes 1 and 3) 

±18 

±18 

±18 

V 

Continuous total power dissipation at (or below) 

25 °C free-air temperature (see Note 4) 

680 

680 

680 

mW 

Operating free-air temperature range 

-55 to 125 

-40 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

260 

°C 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 




NOTES: 1. 
2 . 

3. 

4. 


These voltage values are with respect to the midpoint between Vcc+ ar| d v cc-- 

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

Neither input must ever be more positive than Vqc+ or more negative than Vqc-- 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, TL322M chips are alloy 
mounted and TL322I and TL322C chips are glass mounted. 
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Operational Amplifiers 


TYPES TL322M, TL322I, TL322C 

DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc ± = ± 1 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TL322M 

TL322I 

TL322C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

V 0 = 0, 

R S = 50 fl 

25°C 

2 8 

2 8 

2 10 

mV 

Full range 

10 

10 

12 

Temperature 

a VIO coefficient of input 

offset voltage 

v 0 = o, 

R S = 50 fi 

25°C 

10 

10 

10 

mV/°C 

I|q Input offset current 

o 

ll 

o 

> 

25 °C 

30 75 

30 75 

o 

o 

CO 

nA 

Full range 

250 

250 

200 

Temperature 

<*110 coefficient of input 

offset current 

< 

o 

II 

o 

25 °C 

50 

50 

50 

pA/°C 

1 1 0 Input bias current 

o 

o 

> 

25 °C 

-0.2 -0.5 

-0.2 -0.5 

-0.2 -0.5 


Full range 

-1.15 

-1 

-0.8 

Common-mode 

V|cr input voltage 

range* 


25°C 

V CC- v cc- 

to to 

13 13.5 

V CC- V CC- 
to to 

13 13.5 

V CC- V CC- 
to to 

13 13.5 

V 

Peak output 

v OM 

voltage swing 

R|_ = 10 kfi 

25 °C 

±12 ±13.5 

±12 ±12.5 

±12 ±13.5 

v 

R L = 2 kfi 

25 °C 

±10 ±13 

±10 ±12 

±10 ±13 

Full range 

±10 

±10 

±10 

Large-signal 

A\/D differential voltage 

amplification 

V 0 = ±10 V, 

R L = 2 kfi 

25 °C 

200 

20 200 

20 200 

V/mV 

Full range 

25 

15 

15 

Maximum-output 

b om . , . , + . 

swing bandwidth 

V 0P p = 20 V, 

Avd = T 

THD < 5%, 

R L = 2 kfi 

25 °C 

9 

9 

9 

kHz 

Unity-gain 

Bf 

bandwidth 

V 0 = 50 mV, 

R l = 10 kfi 

25°C 

1 

1 

1 

MHz 

<A m Phase margin 

R L = 2 kfi, 

C L = 200 pF 

25°C 

60° 

60° 

60° 


rj Input resistance 

f = 20 Hz 

25 °C 

0.3 1 

0.3 1 

0.3 1 

Mfi 

r 0 Output resistance 

f = 20 Hz 

25 °C 

75 

75 

75 

fi 

Common-mode 

CMRR 

rejection ratio 

V|C = V| CR min, 
R S = 50 fi 

25°C 

70 90 

70 90 

70 90 

dB 

Supply voltage 

ks\/S sensitivity 

(AV, 0 /AV CC ) 

V CC = ±2.5 V 

to 

±15 V, 

R S = 50 fi 

25 °C 

30 150 

30. 1 50 

30 1 50 

mV/V 

Short-circuit 

'os 

output current? 

< 

O 

o 

25 °C 

±10 ±30 ±45 

±10 ±30 ±45 

±10 ±30 ±45 

mA 

Total supply 

'cc 

current 

Vq = 0, 

No load 

25 °C 

1.4 2.5 

1 

1.4 4 

1.4 4 

! 

mA 


All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T/^ is -55°C to 125°C for TL322M; -40°C to 85 °C 
for TL322I, and 0°C to 70°C for TL322C. 

*The V|qr limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vqc + . 

§Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
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TYPES TL322M, TL322I, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics, Vqc + = 5 V, VcC- = 0 V, Ta = ?5°C (unless otherwise noted) 


— 

PARAMETER 

TEST CONDITIONS 1 

TL322M 

TL322I 

TL322C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

V 0 = 2.5 V, R s = 50 0 

2 8 

8 

2 10 

mV 

l|0 Input offset current 

V 0 = 2.5 V 

30 75 

75 

30 50 

nA 

l|B Input bias current 


-0.2 -0.5 

-0.5 

-0.2 -0.5 

PA 

Peak output 

Vqm 

voltage swing § 

R L = 10 kO 

3.3 3.5 

3.3 3.5 

3.3 3.5 

V 

R L = 10 k£i, 

V CC + = 5 V to 30 V 

V CC +-1.7 

< 

o 

o 

+ 

< 

o 

o 

+ 

Large-signal differential 

A\/D 

voltage amplification 

V 0 = 1.7 V to 3.3 V, 

R L = 2 kO 

20 200 

20 200 

20 200 

V/mV 

Supply voltage 

^SVS sensitivity 

(AV|q/AVcc±) 

Vcc = ±2.5 V to ±15 V 

150 

150 

150 

/tV/V 

IqC Supply current 

V 0 = 2.5 V, No load 

1.2 2.5 

1.2 4 

1.2 4 

mA 

V 0 i/V 0 2 Crosstalk attenuation 

A\/d = ioo, 

f = 1 kHz to 20 kHz 

120 

120 

120 

dB 


All characteristics are specified under open-loop conditions. 
§Output will swing essentially to ground. 



switching characteristics: Vcc± = ±15 V, A\/D = 1» Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

SR 

Slew rate at unity gain 

V, = ±10 V, 

C[ =100 pF, 

See Figure 1 

0.6 

V/ns 

t r Rise time 

AV 0 = 50 mV, 

See Figure 1 

C L = 100 pF, 

R l = 10 k0. 

0.35 

US 


Fall time 

0.35 

ns 

Overshoot factor 



20% 


Crossover distortion 

Vjpp = 30 mV, 

v OPP = 2 v - 

f = 10 kHz 

1% 



PARAMETER MEASUREMENT INFORMATION 
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Operational Amplifiers 


TYPES TL322M, TL322I, TL322C 

DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


INPUT BIAS CURRENT 
TEMPERATURE 


Vcc 

:±-± 

15 V 






- 

— 

— 



































i 
















__ 

i 









z] 








r 



-75 -50 -25 0 25 50 75 100 125 
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FIGURE 2 


INPUT BIAS CURRENT 
SUPPLY VOLTAGE 


Tfi 

= 25° C 









































_ 








z 






























0 2 4 6 8 10 12 14 16 

IVcc ± I— Supply Voltage— V 


FIGURE 3 


MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
SUPPLY VOLTAGE 



3 


FREQUENCY 










|||v C C± = ±15vi 





: 

C L = 

0 

lOkfi 

25° C 
: igure 1 
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FIGURE 5 


LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 



1 10 100 Ik 10 k 100k 1M 


f-Frequency-Hz 

FIGURE 6 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 



FIGURE 7 


^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

D2751 , JULY 1983 — REVISED NOVEMBER 1983 


Wide Range of Supply Voltages: 

1 V to 16 V (TLC251C) 

3 V to 16 V (TLC271C, TLC271I) 

4 V to 16 V (TLC271M) 

• True Single Supply Operation 

• Common-Mode Input Voltage Range Includes 
the Negative Rail 

• Low Noise ... 30 nV/VHz Typ at 1 kHz 
(High Bias) 

description 

The TLC251 and TLC271 series are low-cost, low- 
power programmable operational amplifiers designed 
to operate with single or dual supplies. Unlike 
traditional metal-gate CMOS op amps, these devices 
utilize Texas Instruments silicon-gate LinCMOS™ 
process, giving them stable input offset voltages 
without sacrificing the advantages of metal-gate 
CMOS. This series of parts is available in selected 
grades of input offset voltage and can be nulled with 
one external potentiometer. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this family 
is ideally suited for battery-powered or energy- 
conserving applications. A bias-select pin can be used 
to program one of three ac performance and power- 
dissipation levels to suit the application. The TLC251 
offers the same operation sd the TLC271, but also 
features guaranteed operation down to a 1 V supply. 
Both devices are stable at unity gain. 


TEMPERATURE RANGES AND PACKAGES 


SERIES 

TEMPERATURE RANGE 

PACKAGES 

TLC251 _C Types 
TLC271 _C Types 
TLC271 _l Types 
TLC271 _M Types 

0°C to 70° 

0°C to 70 °C 

- 40 °C to 85 °C 

-55 °C to 125°C 

JG, P, D 

JG, P, D 

JG, P, D 

JG, FH, FK 


D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OFFSET N1 Ql U 8p BIAS SELECT 
IN - C 2 7 I] Vq D 

IN + C 3 6 U OUT 

GND Q 4 5 J OFFSET N2 


FH OR FK PACKAGE 
(TOP VIEW) 


uj co 

2 w 

u il o 5 o 

2 O 2 CD z: 



14 n nc 


NC — No internal connection 


symbol 


BIAS SELECT 


NONINVERTING 
INPUT IN+ 
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DEVICE FEATURES 


PARAMETER 

LOW BIAS 

MEDIUM BIAS 

HIGH BIAS 

Supply current (Typ) 

10 fiA 

150 fiA 

1000 fiA 

Slew rate (Typ) 

0.04 V/fis 

0.6 V/fis 

4.5 V/ps 

Input offset voltage (Max) 




. . . Standard types 

10 mV 

10 mV 

10 mV 

. . . A-suffix types 

5 mV 

5 mV 

5 mV 

. . . B-suffix types 

2 mV 

2 mV 

2 mV 

Offset voltage drift (Typ) 

0.1 /iV/month' 1 ’ 

0.1 /iV/month* 

0.1 ^V/montb'*' 

Offset voltage temperature coefficient (Typ) 

0.7 (N/°C 

2 fiVI° C 

5 fiV/°C 

Input bias current (Typ) 

1 pA 

1 pA 

1 pA 

Input offset current (Typ) 

1 pA 

1 pA 

1 pA 


*The long-term drift value applies after the first month. 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 
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Operational Amplifiers 


TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCM0S TM AMPLIFIERS 


description (continued) 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC251 
and TLC271 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOS operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC271 . Remote and inaccessible 
equipment applications are possible using the low-voltage and low-power capabilities of the TLC251 . In addition, by 
driving the bias-select input with a logic signal from a microprocessor, these operational amplifiers can have software- 
controlled performance and power consumption. The TLC251 is well suited to solve the difficult problems associated 
with single-battery and solar-cell-powered applications. 


schematic 



BIAS 

SELECT 


OUTPUT 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW POWER LinCMOSTM AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vqd (see Note 1) 18 V 

Differential input voltage (see Note 2) ±18 V 

Input voltage range (any input) -0.3 V to 18 V 

Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4): 

D package 725 mW 

FH package (see Note 5) 1200 mW 

FK package (see Note 5) 1375 mW 

JG package 1050 mW 

P package 725 mW 

Operating free-air temperature range: TLC271M, TLC271AM, TLC271BM -55°C to 125°C 

TLC271I, TLC271AI, TLC271BI -40°C to 85°C 

TLC251C, TLC251AC, TLC251BC, 

TLC271C, TLC271AC, TLC271BC 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: JG package 300 °C 

Lead Temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 
not exceeded. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table below. 

5. For FH and FK packages, power rating and rerating factor will vary with actual mounting technique used. The values stated here are believed 
to be conservative. 

DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

D 

725 mW 

5.8 mW/°C 

25°C 

FH 

1 200 mW 

9.6 mW/°C 

25 °C 

FK 

1375 mW 

11.0 mW/°C 

25 °C 

JG 

1050 mW 

8.4 mW/°C 

25 °C 

P 

725 mW 

5.8 mW/°C 

25 °C 


recommended operating conditions 



TLC251 

TLC251A 

TLC251B 

TLC271 

TLC271A 

TLC271B 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqd 

M-suffix types 


4 16 

V 

l-suffix types 


3 16 

C-suffix types 

1 16 

3 16 

Common-mode input voltage, V|c 

V DD = 1 V 

0 0.2 


V 

V DD = 4 V 

0 3 

0 3 

V D D = 10 V 

-0.05 9 

-0.05 9 

V DD = 16 V 

-0.05 14 

-0.05 14 

Operating free-air temperature, 

M-suffix types 


-55 125 

°c 

l-suffix types 


o 

00 

CJI 

C-suffix types 

0 70 

0 70 

| Bias Select pin voltage | 

See application notes 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

BIAS 

TLC271 M 

TLC271 1 

TLC251 C, 

TLC271 C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 

V|o offset 

voltage 

TLC251 

TLC271 

Vq = 1.4 V, 

Rs = 50 n 

25°C 

Any 

10 

10 

10 

mV 

Full range 

12 

13 

12 

TLC251 A__, 

TLC271 A 

25°C 

Any 

5 

5 

5 

Full range 

6.5 

7 

6.5 

TLC251 B 

TLC27 1 B 

25°C 

Any 

2 

2 

2 

Full range 

3 

3.5 

3 

Average temperature 
a VIO coefficient of input 

offset voltage 


Full range 

Low 

0.7 

0.7 

0.7 

mV/ 0 C 

Medium 

2 

2 

2 

High 

5 

5 

5 

l|0 Input offset current 

V|C = 5 V, 

V 0 = 5 V 

25°C 

Any 

1 

1 

1 

pA 

Full range 

15000 

200 

100 

l|B Input bias current 

V| C = 5 V, 

V 0 = 5 V 

25°C 

Any 

1 

1 

1 

pA 

Full range 

35000 

300 

150 

Common-mode input 

V|CR 

voltage range 


25 °C 

Any 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output 
voltage range* 

V | q = 100 mV 

25 °C 

Any 

8 8.6 

8 8.6 

8 8.6 

V 

Full range 

7.8 

7.8 

7.8 

Large-signal 

differential 

a VD 

voltage 

amplification 

V 0 = 1 to 6 V, 

R S = 50 fi 

25 °C 

Low 

30 500 

30 500 

30 500 

V/mV 

Medium 

20 280 

20 280 

20 280 

High 

10 40 

o 

o 

10 40 

Full range 

Low 

20 

20 

25 

Medium 

10 

10 

15 

High 

7 

7 

7.5 

Common-mode 

CMRR 

rejection ratio 

Vq = 1.4 V, 

V|C = V ICR m ' n 

25 °C 

Any 

70 88 

70 88 

70 88 

dB 

Supply voltage 
kg\/R rejection ratio 

(A Vcc/A V|q) 

Vqq = 5 to 10 V, 
Vq = 1.4 V 

25 °C 

Low 

70 88 

70 88 

70 88 

dB 

Medium 

70 88 

70 88 

70 88 

High 

65 82 

65 82 

65 82 

Short-circuit 

*OS 

output current 

Vq = 0, 

V| D = 100 mV 

25 °C 

Any 

-55 

-55 

-55 

mA 

v O = V DD- 
V )D = - 100 mV 

15 

15 

15 

High-level input 
l|H(SEL) current to bias 
select 

V I(SEL) = 0 V 

25°C 

High 

10.5 

10.5 

10.5 

m a 

Low-level input 
l|L(SEL) current to bias 
select 

V I(SEL) = 10 V 

25 °C 

Low 

1.3 

1.3 

1.3 

mA 

IDD Supply current 

No load, 

V 0 = 5 V, 

V| C = 5 V 

, 25 °C 

Low 

10 20 

10 20 

10 20 

mA 

Medium 

1 50 300 

1 50 300 

1 50 300 

High 

1000 2000 

1000 2000 

1000 2000 

Full range 

Low 

40 

40 

30 

Medium 

500 

500 

400 


High 

3000 

2500 

2200 


T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for is - 55 °C 

to 125°C for TLC2 M, -40°C to 85°C for TLC2 J, and 0°C to 70°C for TLC2 C. Unless otherwise noted, an output load resistor is connected from 

the output to ground and has the following values: for low bias R|_ = 1 MQ, for medium bias R[_ = 100 kfi, and for high bias R|_ = 10 kO. 

*The output will swing to the potential of the ground pin. 
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TYPES TLC251, TLC251A, TLC251B 
PROGRAMMABLE LOW-POWER LinCMOS™ AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vqd = 1 V 


PARAMETER 

TEST CONDITIONS^ 

BIAS 

TLC251 C 

UNIT 

MIN TYP MAX 

Input offset 
V| ° voltage 

TLC251C 

Vq = 0.2 V, 

RS = 50 Q 

25°C 

Any 

10 

mV 

0°C to 70 °C 

12 

TLC251AC 

25 °C 

Any 

5 

0°C to 70 °C 

6.5 

TLC251BC 

25 °C 

Any 

2 

0°C to 70 °C 

3 

Average Temperature 

ay in 

Coefficient of Input 

Offset Voltage 


0°C to 70 °C 

Any 

1 

^V/°C 

l|0 Input offset current 

V 0 = 0.2 V 

25°C 

Any 

1 

pA 

0°C to 70 °C 

100 

l|B Input bias current 

V 0 =0.2 V 

25°C 

Any 

1 

PA 

0°C to 70 °C 

150 

Common-mode input 

V|CR 

voltage range 


25 °C 

Any 

0 

to 

0.2 

V 

Peak output voltage 

v OM . + 

swing + 

V| D = 100 mV 

25 °C 

Any 

450 

mV 

Large-signal differential 
voltage amplification 

Vq = 100 to 300 mV, 

Rs = 50 0 

25°C 

Low 

20 

V/mV 

High 

10 

Common-mode 

CMRR 

rejection ratio 

Rg = 50 0, 

Vq = 0.2 V, 

V IC = V|c min 

25°C 

Any 

77 

dB 

Iqd Supply current 

V 0 = 0.2 V, 

No load 

25°C 

Low 

2 


High 

12 


All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected from the output to ground and has the following values: for low bias R|_ = 1 MO, for medium bias R[_ = 100 kO, and 
for high bias R|_ = 10 kO. 

*The output will swing to the potential of the ground pin. 


operating characteristics, Vqd = 1 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

BIAS 

TLC251 .C 

UNIT 

MIN TYP MAX 

B-] Unity-gain bandwidth 

Cl = 10 pF 

Low 

12 

kHz 

High 

75 

SR Slew rate at unity gain 

See Figure 1 

Low 

0.001 

V/yU-S 

High 

0.01 

Overshoot factor 

See Figure 1 

Low 

35% 


High 

30% 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


operating characteristics, Vpp = 10 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

BIAS 

TLC2_M 

TLC2_I 

TLC2_C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Unity-gain 

bandwidth 

Av = 40 dB, 

Cl = 10 pF, 

R S = 500 

Low 

0.1 

0.1 

0.1 

MH Z 

Medium 

0.7 

0.7 

0.7 

High 

2.3 

2.3 

2.3 

Slew rate at 

SR 

unity gain 

See Figure 1 

Low 

0.04 

0.04 

0.04 

V/jtS 

Medium 

0.6 

0.6 

0.6 

High 

4.5 

4.5 

4.5 

Overshoot 

factor 

See Figure 1 

Low 

30% 

30% 

30% 


Medium 

35% 

35% 

35% 

High 

35% 

35% 

35% 

Phase margin 
m at unity gain 

A V = 40 dB, 

RS = 100 0, 

C L = pF 

Low 

43° 

43° 

43° 


Medium 

43° 

43° 

43° 

High 

50° 

50° 

50° 

y Equivalent input 

n noise voltage 

f = 1 kHz, 

RS = 100 fi 

Low 

70 

70 

70 

nV/VHz 

Medium 

38 

38 

38 

High 

30 

30 

30 


3 


PARAMETER MEASUREMENT INFORMATION 



OUTPUT 



FIGURE 1-UNITY-GAIN AMPLIFIER 


FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES TLC251, TLC251A, TLC251 B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 

BIAS SELECT PIN VOLTAGE 


10,000 


1000 


100 


I 

Q 

Q 


10 


v 0 = V|C = 0.2 Vdd 

No load 
T A = 25° C 


v D d * 16 v 


vdd = 4 v 


v D d = 1 v 

(TLC251 only) 


0.1 


1 10 
Vg-Bias Select Pin Voltage-V 


100 


SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 


10,000 


< 1000 

3. 


\ 

Q 

Q 


100 


10 



H 

gh Bia 

s 


v D d = io v 
V|C = 0 V 

V 0 = 2 V 

No load 




M 

edium 

Bias 







..... 

Low 

Bias 













10 20 30 40 50 60 70 

T A — Free-Air Temperature— °C 
FIGURE 5 


80 


SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 


10,000 | 


1000 


100 


Vo = Vjc * o.2 Vdd 

No load 
T A = 25 U C 
See Note 6 



o 

>• 


I 

G 

G 


6 8 10 12 14 16 18 20 

VoD—Supply Voltage-V 

NOTE 6: Data for Vqq less than 4 V applies only for TLC251, TLC251A, 
and TLC251B. 

FIGURE 4 

LOW BIAS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 



0 

30° 

60° 

90° 

120 ° 

150° 

180° 


0.1 


10 100 1 k 

Frequency— Hz 
FIGURE 6 


10 k 100 k 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 
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TYPICAL CHARACTERISTICS 

MEDIUM BIAS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 



0 

30° 

60° £ 
jE 
oo 

90 ° % 
JC 
Q_ 

120 ° 

150° 

180° 


10 


100 Ik 10 k 
Frequency- Hz 
FIGURE 7 


100 k 1M 


HIGH BIAS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


vs 



0 ° 

30° 

60° 



120 ° ^ 
150° 
180° 


10 100 Ik 10 k 100 k 1 M 10 M 

Frequency— Hz 
FIGURE 8 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW POWER LinCMOS TM AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 

latchup avoidance 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be applied simultaneously with, or before, application of any input signals. 

using the bias select pin 

The TLC251 and TLC271 have a bias select pin that allows the selection of one of three Iqd conditions (10, 150, and 
1 000 (i A typical). This allows the user to trade-off power and ac performance. As shown in the typical supply current Odd) 
versus supply voltage (Vqd) curves (Figure 4), the Iqd varies only slightly from 4 to 16 V. Below 4 V, the Ipo varies more 
significantly. Note that the Ipp values in the medium and low-bias modes at Vqd = 1 V are typically 2 n A, and in the 
high mode are typically 12/xA. The following table shows the recommended bias select pin connections at Vpp = 10 V: 

RECOMMENDED BIAS SELECT PIN USE AT V DD = 10 V 


*The Bias Select pin may also be controlled by external circuitry to conserve power, etc. For information regarding the bias select pin, see Figure 3 in the 
typical characteristics curves. 

^For Iqd characteristics at voltages other than 10 V, see Figure 4 in the typical characteristics curves. 

output stage considerations 

The amplifier's output stage consists of a source-follower-connected pullup transistor and an open-drain pulldown transistor. 
The high-level output voltage (Voh) > s virtually independent of the Ipp selection, and increases with higher values of Vpp 
and reduced output loading. The low-level output voltage (Vql> decreases with reduced output current and higher input 
common-mode voltage. With no load, Vol is essentially equal to the GND pin potential. 

input offset nulling 

Both the TLC251 and TLC271 offer external offset null control. Nulling may be achieved by adjusting a 25-kfl potentiometer 
connected between the offset null terminals with the wiper connected to the device GND pin as shown in Figure 2. The 
amount of nulling range varies with the bias selection. At Iqd settings of 150 and 1000 /xA (medium and high bias), the 
nulling range will allow the maximum offset specified to be trimmed to zero. In low bias or when the TLC251 is used below 
4 V, total nulling may not be possible on all units. 

supply configurations 

Even though the TLC251 and TLC271 are characterized for single-supply operation, they can be used effectively in a split- 
supply configuration when the input common-mode voltage (V|cr), output swing (Vol ancl v OHK and supply voltage limits 
are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive dc leakages. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


D2752, JUNE 1983-REVISED OCTOBER 1983 


Wide Range of Supply Voltages: 

1 V to 16 V (TLC252C) 

3 V to 16 V (TLC272C, TLC272I) 

4 V to 16 V (TLC272M) 

True Single-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise ... 30 nV/VHz Typ at 
f = 1 kHz (High-Bias Versions) 

description 

The TLC252 and TLC272 series are low-cost, low- 
power dual operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicon gate LinCMOS™ process, 
giving them stable input offset voltages that are 
available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this series 
is ideally suited for battery-powered or energy- 
conserving applications. The TLC252 types offer 
guaranteed operation down to a 1-V supply. All 
devices are unity-gain stable and have excellent noise 
characteristics. 


D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

out dTTTTh v DD 


IN — 

IN + 

GND Q* 


7 H OUT 
6 D IN- 
5 2 IN 4- 


NC ]4 
]5 
]6 
]7 
NC ]8 


#1 IN- 
NC 
#1 IN + 


FH OR FK PACKAGE 
(TOP VIEW) 

h- 

=> 

O O 

o_o o o 

z ^ 2 > 2 

/ UJ L_J I — 1 1 — I L_J S. 


3 2 1 20l 19 


9 10 11 12 13 


18 [ NC 
17 [ #2 OUT 
16 [ NC 
15[ #2 IN- 
14 [ NC 


O Q o 
2 2 z 
O 


+ o 


NC — No internal connection 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 




DEVICE FEATURES 



TLC25L2 

TLC25M2 

TLC252 

PARAMETER 

TLC27L2 

TLC27M2 

TLC272 


(LOW BIAS) 

(MEDIUM BIAS) 

(HIGH BIAS) 

Supply current (Typ) 

20 fiA 

300 fiA 

2000 fiA 

Slew rate (Typ) 

0.04 V/,is 

0.6 V/jts 

4.5 V/fis 

Input offset voltage (Max) 




. . . Standard types 

10 mV 

10 mV 

10 mV 

. . . A-suffix types 

5 mV 

5 mV 

5 mV 

. . . B-suffix types 

2 mV 

2 mV 

2 mV 

Offset voltage drift (Typ) 

0.1 jiV/month* 

0.1 /iV/month* 

0.1 |A//monthT 

Offset voltage temperature coefficient (Typ) 

0.7 jtV/°C 

2 /tV/°C 

5 fiS//° C 

Input bias current (Typ) 

1 pA 

1 pA 

1 pA 

Input offset current (Typ) 

1 pA 

1 pA 

1 pA 


iThe offset voltage drift applies after the first month only. 


TEMPERATURE RANGES AND PACKAGES 


TYPES 

TEMPERATURE RANGE 

PACKAGES 

TLC25_2_C 

TLC27_2_C 

TLC27_2_I 

TLC27_2_M 

0°C to 70° 

0°C to 70 °C 

-40 °C to 85 °C 

- 55 °C to 125°C 

JG, P, D 

JG, P, D 

JG, P, D 

JG, FH, FK 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 


Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOS™ DUAL OPERATIONAL APPLIFIERS 


description (continued) 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC252 
and TLC272 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOS™ operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC252 and TLC272 series. Remote 
and inaccessible equipment applications are possible using the low-voltage and low-power capabilities of the TLC252. 
The TLC252 types are well suited to solve the difficult problems associated with single-battery and solar-cell-powered 
applications. This series includes devices that are characterized for commercial, industrial, and military temperature 
ranges and are available in 8-pin plastic and ceramic dual-in-line (DIP) packages, small outline (D) package, and chip 
carrier (FH, FK) packages. 



schematic (each amplifier) 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd (see Note 1) 18 V 

Differential input voltage (see Note 2) ± 18 V 

Input voltage range (any input) -0.3 V to 18 V 

Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4): 

D package 725 mW 

FH package (see Note 5) 1 200 mW 

FK package (see Note 5) 1375 mW 

JG package 1050 mW 

P package 725 mW 

Operating free-air temperature range: TLC27_2_M -55°Cto125°C 

TLC27_2_I -40°C to 85°C 

TLC25_2_C, TLC27_2_C 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: D or P package 260 °C ■■■ 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 
not exceeded. 

4. For operation above 25 °C free-air temperature, refer to the Dissipation Derating Table. 

5. For FH and FK packages, power rating and derating factor will vary with the actual mounting technique used. The values stated here are believed 
to be conservative. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

D 

725 mW 

5.8 mW/°C 

25 °C 

FH 

1 200 mW 

9.6 mW/°C 

25 °C 

FK 

1375 mW 

11 mW/°C 

25 °C 

JG 

1050 mW 

8.4 mW/°C 

25 °C 

P 

725 mW 

5.8 mW/°C 

25 °C 


recommended operating conditions 



TLC25 — 2 

TLC25 — 2A 

TLC25 — 2B 

TLC27_2 

TLC27_2A 

TLC27_2B 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vod 

M-suffix types 


4 16 

V 

l-suffix types 


3 16 

C-suffix types 

1 16 

3 16 

Common-mode input voltage, V|C 

v D d = i v 

CM 

6 

o 


v 

VqD = 4 V 

0 3 

0 3 

v D d = iov 

-0.05 9 

-0.05 9 

> 

CD 

Q 

O 

> 

-0.05 14 

-0.05 14 

Operating free-air temperature, Ta 

M-suffix types 


-55 125 

°c 

l-suffix types 


O 

00 

CJl 

C-suffix types 

0 70 

0 70 


)83 

, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


3-177 


Operational Amplifiers 




Operational Amplifiers 


TYPES TLC272, TLC27L2, TLC27M2 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


M-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TLC272 M 

TLC27L2 M 

TLC27M2 M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 
V|q offset 

voltage 

TIC27_2M 

V 0 = 1.4 V, 

Rg = 50 ft 

25 °C 

10 

10 

10 

mV 

- 55 °C to 125°C 

12 

12 

12 

TLC27_ 2AM 

25°C 

5 

5 

5 

- 55°C to 125°C 

6.5 

6.5 

6.5 

TLC27_2BM 

25°C 

2 

2 

2 

- 55 °C to 1 25 °C 

3.5 

3.5 

3.5 

Average temperature 
“VIO coefficient of input 
offset voltage 


-55 °C to 125 °C 

5 

0.7 

2 

/xV/°C 

1)0 Input offset current 

V| C = 5 V, 

V 0 = 5 V 

25 °C 

1 

1 

1 

pA 

- 55 °C to 1 25 °C 

15 

15 

15 

nA 

l |3 Input bias current 

V| C = 5 V, 

V 0 = 5 V 

25°C 

1 

1 

1 

pA 

- 55 °C to 1 25 °C 

35 

35 

35 

nA 

Common-mode input 
voltage range 


25°C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output voltage 
v OM • + 

swing* 

V| D = 100 mV 

25 °C 

8 8.6 

8 8.6 

8 8.6 

V 

- 55 °C to 125 °C 

7.8 

7.8 

7.8 

^ Large-signal differential 

voltage amplification 

Vq = 1 to 6 V, 

Rg = 50 ft 

25 °C 

10 40 

30 500 

20 280 

V/mV 

-55° to 1 25°C 

7 

20 

10 

Common-mode 

CMRR 

rejection ratio 

V 0 = 1.4 V, 

V IC = V|CR min 

25°C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
ksvR rejection ratio 
(A Vqq/A V|q) 

VdD = 5 to 10 V, 
V 0 = 1.4 V 

25°C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

Inc 

output current 

v 0 = o, 

V| D = 100 mV 

25 °C 

-55 

-55 

-55 

mA 

v O = V DD< 

V| D = -100 mV 

15 

15 

15 

Supply current 
(each amplifier) 

No load, 

Vo = 5 V, 

V| C = 5 V 

25 °C 

1000 2000 

10 20 

1 50 300 

nA 

- 55°C to 125°C 

3000 

40 

500 


* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected form the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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TYPES TLC272, TLC27L2, TLC27M2 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


l-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

TLC272 _l 

TLC27L2—I 

TLC27M2—I 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 

V|Q offset 

voltage 

TLC27_2I 

Vq = 1.4 V, 

RS = 50 fi 

25°C 

10 

10 

10 

mV 

- 40 °C to 85 °C 

13 

13 

13 

TLC27 _ 2AI 

25 °C 

5 

5 

5 

- 40 °C to 85 °C 

7 

7 

7 

TLC27_2BI 

25 °C 

2 

2 

2 

-40°C to 85 °C 

3.5 

3.5 

3.5 

Average temperature 
a VIO coefficient of input 
offset voltage 


-40°C to 85 °C 

5 

0.7 

2 

/*V/°C 

l|0 Input offset current 

Vie = 5 V, 

V 0 = 5 V 

25 °C 

1 

1 

1 

pA 

-40°C to 85 °C 

200 

200 

200 

l|B Input bias current 

V| C = 5 V, 

Vq = 5 V 

25°C 

1 

1 

1 

PA 

-40°C to 85 °C 

300 

300 

300 

Common-mode input 
V|CR voltage range 


25 °C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output voltage 
v OM + 

swing* 

V tD = 100 mV 

25°C 

8 8.6 

8 8.6 

8 8.6 

V 

- 40 °C to 85 °C 

7.8 

7.8 

7.8 

Large-signal differential 
voltage amplification 

V 0 = 1 to 6 V, 

Rg = 50 0 

25 °C 

10 40 

30 500 

20 280 

V/mV 

-40 °C to 85 °C 

7 

20 

10 

Common-mode 

CMRR 

rejection ratio 

Vq = 1.4 V, 

V IC = V ICR min 

25°C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
ksvR rejection ratio 
(A Vcc/A V|o) 

V DD = 5 to 10 V, 
V 0 = 1.4 V 

25 °C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

Ins 

output current 

V 0 = 0, 

V| D = 100 mV 

25°C 

-55 

-55 

-55 

mA 

v O = V DD- 
V| D = -100 mV 

15 

15 

15 

Supply current 
(each amplifier) 

No load, 

Vq = 5 V, 

V| C = 5 V 

25 °C 

1000 2000 

10 20 

1 50 300 

mA 

-40°C to 85 °C 

2500 

40 

500 


All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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Operational Amplifiers 


TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


C-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

TLC252 C, 

TLC272_C 

TLC25L2 C, 

TLC27L2__C 

TLC25M2—C, 

TLC27M2—C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 

V|o offset 

TLC2_2C 

V 0 = 1.4 V, 

R S = 50 0 

25 °C 

10 

10 

10 

mV 

0°C to 70 °C 

12 

12 

12 

TLC2_2AC 

25 °C 

5 

5 

5 

0°C to 70 °C 

6.5 

6.5 

6.5 


TLC2_2BC 

25 °C 

2 

2 

2 

0°C to 70 °C 

3 

3 

3 

Average temperature 
ayiO coefficient of input 

offset voltage 


0°C to 70 °C 

5 

0.7 

2 

jtV/°C 

l|0 Input offset current 

V| C = 5 V, 

V 0 = 5 V 

25°C 

1 

1 

1 

pA 

0°C to 70 °C 

100 

100 

100 

I|q Input bias current 

V| C = 5 V, 

Vq = 5 V 

25°C 

1 

1 

1 

PA 

0°C to 70 °C 

150 

150 

150 

,, Common-mode input 

V|CR 

voltage range 


25°C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output voltage 
v OM . ± 

swing + 

V| D = 100 mV 

25°C 

8 8.6 

8 8.6 

8 8.6 

V 

0°C to 70 °C 

7.8 

7.8 

7.8 

Large-signal differential 
voltage amplification 

V 0 = 1 to 6 V, 

R S = 50 Q 

25 °C 

10 40 

30 500 

20 280 

V/mV 

0° to 70°C 

7.5 

25 

15 

Common-mode 

CMRR 

rejection ratio 

V 0 = 1.4 V, 

V IC = V ICR min 

25 °C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
ksVR rejection ratio 

(A Vcc/A V|o> 

V DD = 5 to 10 V, 
V 0 = 1 .4 V 

25°C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

•os 

output current 

v 0 = o, 

V| D = 100 mV 

25 °C 

-55 

-55 

-55 

mA 

v O = V DD- 
V| D = -100 mV 

15 

15 

15 

Supply current 
(each amplifier) 

No load, 

Vq = 5 V, 

V| C = 5 V 

25 °C 

1000 2000 

10 20 

1 50 300 

pA 

0°C to 70 °C 

2200 

30 

400 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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TYPES TLC252, TLC25L2, TLC25M2 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


C-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, Vqq = 1 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TLC252 C 

TLC25L2—C 

TLC25M2 — C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 
Vio offset 

TLC25_2C 

V 0 = 0.2 V, 

RS = 50 0 

25 °C 

10 

10 

10 

mV 

0°C to 70 °C 

12 

12 

12 

TLC25_2AC 

25°C 

5 

5 

5 

0°C to 70 °C 

6.5 

6.5 

6.5 


TLC25_2BC 

25°C 

2 

2 

2 

0°C to 70 °C 

3 

3 

3 

Average temperature 
“VIO coefficient of input 
offset voltage 


0°C to 70 °C 

1 

1 

1 

lN/°C 

l|0 Input offset current 

Vq = 0.2 V 

25°C 

1 

1 

1 

pA 

0°C to 70 °C 

100 

100 

100 

l |3 Input bias current 

V 0 = 0.2 V 

25 °C 

1 

1 

1 

PA 

0°C to 70 °C 

150 

150 

150 

Common-mode input 

C voltage range 


25 °C 

0 

to 

0.2 

0 

to 

0.2 

0 

to 

0.2 

V 

Peak output voltage 
v OM • ± 

swing* 

V| D = 100 mV 

25 °C 

450 

450 

450 

mV 

Large-signal differential 
voltage amplification 

Vq = 100 to 300 mV, 
RS = 50 0 

25°C 

10 

20 

20 

V/mV 

„ Common-mode 

CMRR 

rejection ratio 

Vq = 0.2 V, 

V|c = Vicr min 

25°C 

77 

77 

77 

dB 

. Supply current 

'DD 

(each amplifier) 

No load, 

Vq = 0.2 V 

25°C 

12 

2 

2 



* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected form the output to the ground pin. 

*The output will swing to the potential of the ground pin. 


operating characteristics, Vqq = 1 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TLC252_C 

TLC25L2_C 

TLC25M2_C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Bi Unity-gain bandwidth 

A V = 40 dB, 

C L = 10 pF 

R S = 50 n 

75 

12 

12 

kHz 

SR Slew rate at unity gain 

See Figure 1 

0.01 

0.001 

0.001 

V//4S 

Overshoot factor 

See Figure 1 

30% 

35% 

35% 
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Operational Amplifiers 


TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vqd = 10 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TLC252 C 

TLC272—M 

TLC272_I 

TLC272 C 

TLC25L2 C 

TLC27L2 M 

TLC27L2_I 

TLC27L2 C 

TLC25M2— C 

TLC27M2— M 

TLC27M2 — 1 

TLC27M2 — C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

B-j Unity-gain bandwidth 

A V = 40 dB, 

C L = 10 pF, 

Rg = 50 fi 

2.3 

0.1 

0.7 

MHz 

Slew rate at 

unity gain 

See Figure 1 

4.5 

0.04 

0.6 

v/, s 

Overshoot factor 

See Figure 1 

35% 

30% 

35% 


Phase margin at 
unity gain 

A V = 40 dB, 

RS = 100 fl, 

C L = 10 pF 

50° 

43° 

43° 


v Equivalent input 

1 noise voltage 

f = 1 kHz, 

RS = 1 00 0 

30 

70 

38 

nV/VHz 

Cross talk 

v o 1 / v o2 attenuation 

A V = 100 

120 

120 

120 

dB 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1-UNITY GAIN AMPLIFIER 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272 f TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 


SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 


10,000 


O 1 
>• I 


I 

o 

Q 


1000 


100 


10 


v 0 '=v,'c = < 

No load 

T A = 25° C 
See Note 6 

}.2 V 

DD 

Hig' 

vB>a 

Ve r 

lions 



/ 

/ 

/ ^ 

/ 


Me 

diurr 

-Bias 

Ver; 

ions 



/ 

! 

s'* 

/ 



LOW 

[-Bias 

Vers 

lions 



i 

i 

s ■ 











10,000 


< 1000 
a. 


o 

> 

a 

a 

3 

f 

Q 

Q 


100 


10 



H 

gh-BU 

is Ver 

>ions 

v DD = io V 
V| C = 0 V 

V 0 = 2 V 

No load 




M 

edium 

-Bias 

k/ersio 

ns 





Low- 

Bias V 

tersio 

ns 












0 2 4 6 8 10 12 14 16 18 20 

VdD - ■ S upply Voltage— V 
FIGURE 2 

NOTE 6 : Data for Vqq less than 4 V does not apply for the TLC272 series. 


10 20 30 40 50 60 70 80 

T A — Free-Air Temperature— °C 
FIGURE 3 


LOW-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 



0 

30° 

60° ^ 

90 ° S 
(0 

120 ° °" 
150° 
180° 


0.1 


10 100 1 k 

Frequency— Hz 
FIGURE 4 


10 k 100 k 
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Operational Amplifiers 


TYPES TLG252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 



HIGH-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 


FREQUENCY 



Frequency— Hz 
FIGURE 6 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 

latchup avoidance 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 

output stage considerations 

The amplifier's output stage consists of a source follower connected pullup transistor and an open drain pulldown transistor. 
The high-level output voltage (Voh) is virtually independent of the Iqd selection, and increases with higher values of Vqd 
and reduced output loading. The low-level output voltage (Vol.) decreases with reduced output current and higher input 
common-mode voltage. With no load, Vol is essentially equal to the GND pin potential. 

supply configurations 

Even though the TLC252 and TLC272 are characterized for single-supply operation, they can be used effectively in a split 
supply configuration if the input common-mode voltage (V|cr), output swing (Vol and VohO' and supply voltage limits 
are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive DC leakages. 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


Wide Range of Supply Voltages: 

1 V to 16 V (TLC254C) 

3 V to 16 V (TLC274C, TLC274I) 

4 V to 16 V (TLC274M) 

True Single-Supply Operation 

Common-Mode Input Voltage Includes the 
Negative Rail 

Low Noise ... 30 nV/VHz Typ at f = 1 kHz 


D2753, JUNE 1 983-REVISED NOVEMBER 1983 


D, J, OR N DUAL IN-LINE-PACKAGE 
(TOP VIEW) 

j iTTuT] out'i 


AMP #1 


AMP #2 


OUT [I 
IN- C 2 
IN+ C 3 

V CC+ II 4 

IN + C 5 
IN- [> 
OUT C 7 


13 □ IN 
12 H IN 

I vcc- 

10 I IN 
9HlN 
8 H OUT 


AMP #4 


AMP #3 


(High-Bias Versions) 
description 

The TLC254 and TLC274 series are low-cost, low- 


FH OR FK PACKAGE 
(TOP VIEW) 


' 3 
1 O 


O ^ 


power quad operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicon-gate LinCMOS™ process, 
giving them stable input offset voltages that are 
available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this series 
is ideally suited for battery-powered or energy- 
conserving applications. The TLC254 types offer 
guaranteed operation down to a 1-V supply. All 
devices are unity-gain stable and have excellent noise 
characteristics. 


it ft z 


#1 IN+ ]4 
NC ] 5 

V C C+ ] 6 

NC ] 7 
#2 IN + 3 8 

X 


i 1 1 1 1 — 1 1 1 1 i 

3 2 1 20 19 


18 C #4 IN-T 
17 [ NC 

16 [ Vcc~ 

1 5 [ NC 
14 [ #3 IN + 


10 11 12 13 
i r~i r~i r~i r~i 
i— cj> j— | 

. => Z =) 4 


CM CN :*fc 00 


NC — No internal connection 
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TEMPERATURE RANGES AND PACKAGES 


symbol (each amplifier) 


TYPES 

TEMPERATURE RANGE 

PACKAGES 

TLC25_4_C 

TLC27_4_C 

TLC27_4_I 

TLC27_4_M 

0°C to 70° 

0°C to 70 °C 

-40 °C to 85 °C 

- 55 °C to 1 25 °C 

J, N, D 

J, N, D 

J, N, D 

J, FH, FK 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 


DEVICE FEATURES 



TLC25L4 

TLC25M4 

TLC254 

PARAMETER 

TLC27L4 

TLC27M4 

TLC274 


(LOW BIAS) 

(MEDIUM BIAS) 

(HIGH BIAS) 

Supply current (Typ) 

40 fiA 

600 fiA 

4000 nA 

Slew rate (Typ) 

0.04 V//ts 

0.6 V//4S 

4.5 V/ M s 

Input offset voltage (Max) 




. . . Standard types 

10 mV 

10 mV 

10 mV 

. . . A-suffix types 

5 mV 

5 mV 

5 mV 

. . . B-suffix types 

2 mV 

2 mV 

2 mV 

Offset voltage drift (Typ) 

0.1 /iV/month^ 

0.1 /iV/month^ 

0.1 /iV/montht 

Offset voltage temperature coefficient (Typ) 

0.7 jtV/°C 

2 /iV/°C 

5 M V/°C 

Input bias current (Typ) 

1 pA 

1 pA 

1 pA 

Input offset current (Typ) 

1 pA 

1 pA 

1 pA 


iThe long-term drift value applies after the first month. 
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Operational Amplifiers 


TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


description (continued) 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC254 
and TLC274 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOS™ operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC254 and TLC274 series. Remote 
and inaccessible equipment applications are possible using the low-voltage and low-power capabilities of the TLC254. 
The TLC254 types are well suited to solve the difficult problems associated with single-battery and solar-cell-powered 
applications. This series includes devices that are characterized for commercial, industrial, and military temperature 
ranges and are available in 14-pin plastic and ceramic dual-in-line (DIP) packages, small outline (D) package, and chip 
carrier (FH, FK) packages. 

schematic (each amplifier) 



OUTPUT 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 

LinCMOS™ OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd ( see Note 1) 18V 

Differential input voltage (see Note 2) ± 1 8 V 

Input voltage range (any input) -0.3 V to 18 V 

Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4): 

D package 950 mW 

FH package (see Note 5) 1 200 mW 

FK package (see Note 5) 1375 mW 

J package 1375 mW 

N package 875 mW 

Operating free-air temperature range: TLC27_4_M -55°C to 125°C 

TLC27_4_I -25°C to 85 °C 

TLC25_4_C, TLC27_4_C 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: D or N package 260 °C ■■ 

i: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. flHI 


3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 
not exceeded. 

4. For operation above 25 °C free-air temperature, refer to the Dissipation Derating Table. 

5. For FH and FK packages, power rating and derating factor will vary with the actual mounting technique used. The values stated hee are belived 
to be conservative. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

D 

950 mW 

7.6 mW/°C 

25 °C 

FH 

1 200 mW 

9.6 mW/°C 

25 °C 

FK 

1375 mW 

11 mW/°C 

25°C 

J 

1375 mW 

11 mW/°C 

25 °C 

N 

875 mW 

7 mW/°C 

25 °C 


recommended operating conditions 



TLC25_4 

TLC25_4A 

TLC25_4B 

TLC27_4 

TLC27_4A 

TLC27_4B 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqd 

M-suffix types 


4 16 

V 

l-suffix types 


3 16 

C-suffix types 

1 16 

3 16 

Common-mode input voltage, V|q 

V D D = i v 

0 0.2 


V 

Vqd = 4 V 

0 3 

0 3 

Vqd = 10 V 

-0.05 9 

-0.05 9 

V DD = 16 V 

-0.05 14 

-0.05 14 

Operating free-air temperature, Ta 

M-suffix types 


-55 125 

°c 

l-suffix types 


in 

00 

O 

l 

C-suffix types 

0 70 

o 

f** 

o 
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Operational Amplifiers 


TYPES TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


M-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vdd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TLC274 M 

TLC27L4 M 

TLC27M4 M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 
V|o offset 

TLC27_4M 


25 °C 

10 

10 

10 

mV 

- 55 °C to 1 25°C 

12 

12 

12 

TLC27_4AM 

V Q = 1.4 V, 

R S = 50 0 

25 °C 

5 

5 

5 

- 55°C to 1 25 °C 

6.5 

6.5 

6.5 


TLC27_4BM 

25 °C 

2 

2 

2 

- 55°C to 1 25 °C 

3.5 

3.5 

3.5 

Average temperature 
“VIO coefficient of input 
offset voltage 


- 55 °C to 1 25 °C 

5 

0.7 

2 

/iV/°C 

l|0 Input offset current 

V| C = 5V, 

Vo = 5 V 

25 °C 

1 

1 

1 

pA 

- 55 °C to 125°C 

15 

15 

15 

nA 

l|B Input bias current 

V|C = 5 V, 

V 0 = 5 V 

25 °C 

1 

1 

1 

pA 

- 55 °C to 125 °C 

35 

35 

35 

nA 

Common-mode input 

C voltage range 


25 °C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output voltage 
V0M swing* 

V|D = 100 mV 

25°C 

8 8.6 

00 

00 

8 8.6 

V 

-55°C to 1 25 °C 

7.8 

7.8 

7.8 

Large-signal differential 
voltage amplification 

Vq = 1 to 6 V, 

RS = 50 n 

25 °C 

10 40 

30 500 

20 280 

V/mV 

-55° to 1 25°C 

7 

20 

10 

_ Common-mode 

CMRR 

rejection ratio 

V 0 = 1.4 V, 

V|C = V|cr min 

25°C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
k SVR rejection ratio 
(A Vcc/A V|q) 

Vdd = 5 to 10 V, 
V 0 = 1.4 V 

25°C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

■os 

output current 

v 0 = o, 

V|D = 100 mV 

25°C 

-55 

-55 

-55 

mA 

V 0 = v dd . 

V|d = -100 mV 

15 

15 

15 

Supply current 
(each amplifier) 

No load, 

Vo = 5 V, 

V| C = 5 V 

25 °C 

1000 2000 

10 20 

1 50 300 


-55 °C to 125 °C 

3000 

40 

500 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected form the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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TYPES TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


l-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, Vdd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TLC274_I 

TLC27L4_I 

TLC27M4_I 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 

V|o offset 

voltage 

TLC27_4I 

Vo = 1.4 V, 

Rs = 50 n 

25°C 

10 

10 

10 

mV 

-40°C to 85 °C 

13 

13 

13 

TLC27 _4AI 

25°C 

5 

5 

5 

-40 °C to 85 °C 

7 

7 

7 

TLC27 _4BI 

25 °C 

2 

2 

2 

-40 °C to 85 °C 

3.5 

3.5 

3.5 

Average temperature 
“VIO coefficient of input 
offset voltage 


-40 °C to 85 °C 

5 

0.7 

2 

/iV/°C 

l|0 Input offset current 

V|C = 5 V, 

V 0 = 5 V 

25°C 

1 

1 

1 

pA 

-40°C to 85 °C 

200 

200 

200 

l|B Input bias current 

V| C = 5 V, 

V 0 = 5 V 

25 °C 

1 

1 

1 

pA 

-40°C to 85 °C 

300 

300 

300 

Common-mode input 

V|CR 

voltage range 


25°C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output voltage 
v OM • ± 

swing 1 

V| D = 100 mV 

25°C 

8 8.6 

8 8.6 

8 8.6 

V 

-40°C to 85 °C 

7.8 

7.8 

7.8 

Large-signal differential 
voltage amplification 

V 0 = 1 to 6 V, 

R S = 50 Q 

25 °C 

10 40 

30 500 

20 280 

V/mV 

-40°C to 85 °C 

7 

20 

10 

Common-mode 

CMRR 

rejection ratio 

V 0 = 1.4 V, 

V IC = V ICR min 

25 °C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
ksvR rejection ratio 
(A V C c/A V| 0 ) 

V DD = 5 to 10 V, 
V 0 = 1.4 V 

25 °C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

Inc 

output current 

V 0 = 0, 

V|d = 100 mV 

25 °C 

-55 

-55 

-55 

mA 

V 0 = V DD< 

V| D = -100 mV 

15 

15 

15 

Supply current 
(each amplifier) 

No load, 

V 0 = 5 V, 

V, c = 5 V 

25°C 

1000 2000 

10 20 

1 50 300 

pA 

-40°C to;85°C 

2500 

40 

500 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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Operational Amplifiers 


TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 

C-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, Vdd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

TLC254 C, 

TLC274 C 

TLC25L4 C, 

TLC27L4 C 

TLC25M4_C, 

TLC27M4 C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 
V|q offset 

TLC2_4C 

Vq = 1 .4 V, 

R S « 50 fl 

25 °C 

10 

10 

10 

mV 

0°C to 70 °C 

12 

12 

12 

TLC2-4AC 

25°C 

5 

5 

5 

0°C to 70 °C 

6.5 

6.5 

6.5 


TLC2 — 4BC 

25 °C 

2 

2 

2 

0°C to 70 °C 

3 

3 

3 

Average temperature 
“VIO coefficient of input 
offset voltage 


0°C to 70 °C 

5 

0.7 

2 

#iV/°C 

l|0 Input offset current 

V| C - 5 V, 

V 0 = 5 V 

25°C 

1 

1 

1 

PA 

0°C to 70 °C 

100 

100 

100 

l|g Input bias current 

V|C = 5 V, 

V 0 = 5 V 

25 °C 

1 

1 

1 

pA 

0°C to 70 °C 

150 

150 

150 

. , Common-mode input 

V|CR 

voltage range 


25 °C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

, Peak output voltage 

v OM • + 

swing* 

V| D = 100 mV 

25 °C 

8 8.6 

8 8.6 

8 8.6 

V 

0°C to 70 °C 

7.8 

7.8 

7.8 

Large-signal differential 
D voltage amplification 

Vq = 1 to 6 V, 

R S » 50 0 

25 °C 

10 40 

30 500 

20 280 

V/mV 

0° to 70°C 

7.5 

25 

15 

Common-mode 

CMRR 

rejection ratio 

V 0 = 1.4 V, 

V IC = V ICR min 

25 °C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
ksvR rejection ratio 
(A.Vcc/A V|q) 

Vqd = 5 to io v, 

Vq = 1.4 V 

25°C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

•os 

output current 

v 0 = 0 , 

V| D = 100 mV 

25 °C 

-55 

-55 

-55 

mA 

v O = V DD< 

V| D = -100 mV 

15 

15 

15 

Supply current 
(each amplifier) 

No load, 

Vo = 5 V, 

Vic = 5 V 

25 °C 

1000 2000 

10 20 

150 300 

pA 

0°C to 70 °C 

2200 

30 

400 


* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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TYPES TLC254, TLC25L4, TLC25M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


C-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vdd = 1 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS T 

TLC254 C 

TLC25L4 C 

TLC25M4 C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input 
V|Q offset 

voltage 

TLC25_4C 

V 0 = 0.2 V, 

R S = 50 n 

25°C 

10 

10 

10 

mV 

0°C to 70 °C 

12 

12 

12 

TLC25_4AC 

25°C 

5 

5 

5 

0°C to 70 °C 

6.5 

6.5 

6.5 

TLC25_4BC 

25°C 

2 

2 

2 

0°C to 70 °C 

3 

3 

3 

Average temperature 
a VIO coefficient of input 
offset voltage 


0°C to 70 °C 

1 

1 

1 

jA//°C 

1 10 Input offset current 

< 

o 

o 

25°C 

1 

1 

1 

pA 

0°C to 70 °C 

100 

100 

100 

l|B Input bias current 

V 0 = 0.2 

25 °C 

1 

1 

1 

pA 

0°C to 70 °C 

150 

150 

150 

Common-mode input 

V| C R 

voltage range 


25°C 

0 

to 

0.2 

0 

to 

0.2 

0 

to 

0.2 

V 

Peak output voltage 
v OM • ± 

swing* 

V| D = 100 mV 

25°C 

450 

450 

450 

mV 

Large-signal differential 

Ayn 

voltage amplification 

V 0 = 100 to 300 mV, 
R S = 50 0 

25 °C 

10 , 

20 

20 

V/mV 

Common-mode 

CMRR 

rejection ratio 

V 0 = 0.2 V, 

V|C = V|CR min 

25°C 

77 

77 

77 

dB 

1 Supply current 

(each amplifier) 

No load, 

V 0 = 0.2 V 

25°C 

12 

2 

2 

/xA 



* All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected form the output to the ground pin. 

*The output will swing to the potential of the ground pin. 


operating characteristics, Vdd = 1 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TLC254_C 

TLC25L4_C 

TLC25M4_C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

B-] Unity-gain bandwidth 

Ay = 40 dB, 

C L = 10 pF, 

R S = 50 0 

75 

12 

12 

kHz 

SR Slew rate at unity gain 

See Figure 1 

0.01 

0.001 

0.001 

V/ M s 

Overshoot factor 

See Figure 1 

30% 

35% 

35% 
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Operational Amplifiers 


TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vdd = 10 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TLC254 C 

TLC274 M 

TLC274 1 

TLC274 C 

TLC25L4 C 

TLC27L4 M 

TLC27L4 1 

TLC27L4 C 

TLC25M4 .C 

TLC27M4 M 

TLC27M4 1 

TLC27M4 .C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Bi Unity-gain bandwidth 

A V = 40 dB, 

C L = 10 pF, 

R S = 50 0 

2.3 

0.1 

0.7 

MH Z 

Slew rate at 

unity gain 

See Figure 1 

4.5 

0.04 

0.6 

V//ts 

Overshoot factor 

See Figure 1 

35% 

30% 

35% 


Phase margin at 

0m 

unity gain 

A V = 40 dB, 

RS = 1 00 fi, 

C L = 10 pF 

50° 

43° 

43° 


y Equivalent input 

' noise voltage 

f = 1 kHz, 

R S = 100 fi 

30 

70 

38 

nV/VHz 

Cross talk 

V01/V02 

^ attenuation 

A V = 100 

120 

120 

120 

dB 


PARAMETER MEASUREMENT INFORMATION 



OUTPUT 
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•DD-Supply Current-jxA 

(each amplifier) 


TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONA AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


SUPPLY CURRENT 


SUPPLY VOLTAGE 


v 0 = V| C = 0.2 V DD 

No load 
T A = 25° C 

See Note 6 H‘»< 


, a h-6.asVe^ 


FREE-AIR TEMPERATURE 


High-Bias Versions 


Vdd = 10 V 
Vjc = 0 V 
V 0 = 2 V 
No load 


wiliunUasVersto^ 


;. B , as ' Version^ 


Medium-Bias Versions 


Low-Bias Versions 


0 2 4 6 8 10 12 14 16 18 20 

VDD - Supply Voltage— V 


0 10 20 30 40 50 60 70 80 

Ta~ F ree-Air Temperature— °C 


NOTE 6: Data for Vqd ,ess than 4 V does not apply for the TLC274 series. 


LOW-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 

FREQUENCY 


Vdd= 10 V 
R|_ = 1 - 0° 

Ta = 25° C 



10 100 Ik 10 k 100 k 

Frequency— Hz 
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Operational Amplifiers 


TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 

MEDIUM-BIAS VERSIONS 
LARGE-SIGNAL. 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 



Frequency- Hz 


FIGURE 5 



HIGH-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 



Frequency— Hz 


FIGURE 6 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 


latchup avoidance 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 


output stage considerations 

The amplifier's output stage consists of a source-follower-connected pullup transistor and an open-drain pulldown transistor. 
The high-level output voltage (Voh) » s virtually independent of the Iqd selection, and increases with higher values of Vqd 
and reduced output loading. The low-level output voltage (Vol) decreases with reduced output current and higher input 
common-mode voltage. With no load, Vql is essentially equal to the GND pin potential. 


supply configurations 

Even though the TLC254 and TLC274 are characterized for single-supply operation, they can be used effectively in a split- 
supply configuration if the input common-mode voltage (Vicr), output swing (Vol and Voh)' and supply voltage limits 
are not exceeded. 



circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive DC leakages. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TLC261, TLC262, TLC264 
PROGRAMMABLE LOW-POWER LinCMOS TM OPERATIONAL AMPLIFIERS 

D2827, JANUARY 1984 


Wide Range of Supply Voltage: 2 V to 1 6 V 


True Single-Supply Operation 


TLC261 

D. JG. OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Designed for Performance Similar to Popular 
BIFET Op Amps 


• Common-Mode Input Voltage Includes the 
Negative Rail 


OFFSET N1 C 
IN-C 
IN+C 

gndC 


TUb 

2 7 

3 6 

4 5 


Ubias SELECT 

Hvdd 

I] OUT 

U OFFSET N2 


• Slew Rate ... 12 V//ts Typ 

• High Input Impedance . . . 10 12 Q Typ 


TLC262 

D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


DEVICE FEATURES 


PARAMETER 

FEATURE 

Supply current per channel (Typ) 

2.5 mA 

Slew rate (Typ) 

1 2 y/fis 

Input offset voltage (Max) 


. . . Standard types 

10 mV 

. . . A-suffix types 

5 mV 

. . . B-suffix types 

2 mV 

Offset voltage drift (Typ) 

0.1 /iV/month* 

Offset voltage temperature coefficient (Typ) 

5 /iV/°C 

Input bias current (Typ) 

1 pA 

Input offset current (Typ) 

1 pA 

Operating temperature range 

— 40 °C to 85 °C 


*The long-term drift value applies after the first month. 


description 


OUT 

IN- 

IN* 

GND 


1 U 8 

2 7 

3 6 

4 5 


TLC264 

D, J, OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


{ OUT 
IN- 
IN* 

Vcc-f 

( IN* 
IN- 
OUT 


CT 

C2 

C 3 
C4 
C5 
Ee 
O 






OUT 
P IN- 
IN + 

pvcc 

IN + 
IN- 
OUT 


j»AMP #4 
j>AMP #3 



The TLC261, TLC262, and TLC264 

LinCMOS™ operational amplifiers are designed 
to provide a true single-supply alternative to the 
popular BIFET op amps. The negative supply rail 
is included in both input and output common- 
mode voltage ranges. In addition, these devices 
feature input offset voltage selection. 

Unlike traditional metal-gate CMOS op amps, 
these devices utilize the Texas Instruments 
silicon-gate LinCMOS™ process giving them 
stable input offset voltages without sacrificing 
the advantage of metal-gate CMOS. Because the 
input common-mode range extends to the 
negative rail and the power consumption is 
extremely low, this family is ideally suited for 
battery-powered or energy-conserving 
applications. All devices are stable at unity gain. 


symbol 


TLC261 


NONINVERTING 
INPUT IN+ 



INVERTING 
INPUT IN- 
OFFSET NT 


OFFSET N2 


OUTPUT 


symbol (each amplifier) 

TLC262, TLC264 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 



OUTPUT 


PRODUCT PREVIEW 


Copyright © 1984 by Texas Instruments Incorporated 


This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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Operational Amplifiers 


TYPES TLC261, TLC262, TLC264 

PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 



Supply voltage, Vqd (see Note 1) 18 V 

Differential input voltage (see Note 2) ±18 V 

Input voltage range (any input) -0.3 V to 18 V 

Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4): 

TLC261ID, TLC262ID 725 mW 

TLC261IJG, TLC262IJG 825 mW 

TLC261 IP, TLC262IP 725 mW 

TLC264ID 950 mW 

TLC264IJ 1025 mW 

TLC264IN 875 mW 

Operating free-air temperature range -40°C to 85 °C 

Storage temperature range -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or JG package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 
not exceeded. 


4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table below. In the J and JG packages, these chips are glass mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

D (8-Pin) 

725 mW 

5.8 mW/°C 

25°C 

D (14-Pin) 

950 mW 

7.6 mW/°C 

25 °C 

J (glass mounted) 

1025 mW 

8.2 mW/°C 

25°C 

JG (glass mounted) 

825 mW 

6.6 mW/°C 

25 °C 

N 

875 mW 

7 mW/°C 

25 °C 

P 

725 mW 

5.8 mW/°C 

25 °C 


recommended operating conditions 



MIN NOM 

MAX 


Supply voltage, Vqd 

2 

16 

■ 


Vdd = 2 V 

0 

1.2 


Common-mode input voltage, V|c 

V DD = 4 V 

0 

3 


v DD = io v 


9 



Vqd = 16 V 

-0.05 

14 


t Operating free-air temperature, T/\ | 

-40 

85 

°C 
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LINEAR 

INTEGRATED 

CIRCUITS 


Wide Range of Supply Voltages 

3 V to 16 V (TLC277C, TLC277I) 

4 V to 16 V (TLC277M) 

True Single-Supply Operation 

Common-Mode Input Voltage Includes the 
Negative Rail 

Low Noise ... 30 nV/VHz Typ at 
f = 1 kHz (TLC277) 


description 

The members of the TLC277 family are low-offset- 
voltage, low-power, dual operational amplifiers 
designed to operate with single or dual supplies. These 
devices utilize the Texas Instruments silicon-gate 
LinCMOS™ process, providing stable input offset 
voltages, very high input impedances, and extremely 
low input offset and bias currents. This series is ideally 
suited for battery-powered or energy-saving 
applications because the input common-mode range 
includes the negative rail and the power comsumption 
is extremely low. 

These devices have internal electrostatic discharge 
(ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 volts as tested under 
MIL-STD-883B, Method 3015.1. However, care 
should be exercised in handling these devices as 
exposure to ESD may result in a degradation of the 
device parametric performance. 


TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 

D2798, OCTOBER 1983 


D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OUT Hi U8] V D D 

IN- C2 7 U OUT 
IN+ C 3 6 H IN- 
GND Q 4 5] IN + 


FH OR FK PACKAGE 
(TOP VIEW) 


I- 

D 

o 

CJ> CJ 


Q 

O O 
> 2 



NC — No internal connection 



symbol (each amplifier) 



NONINVERTING 
INPUT IN+ 


DEVICE FEATURES 


DEVICE TYPES AND PACKAGES 


PARAMETER 

TLC27L7 

TLC27M7 

TLC277 

Supply current (Typ) 

20 

300 fiA 

2000 fiA 

Slew rate (Typ) 

0.04 V/ M s 

0.6 V/|ts 

4.5 y/fis 

Input offset voltage (Max) 

0.5 mV 

0.5 mV 

0.5 mV 

Offset voltage drift (Typ) 

0.1 /i.V/monthl' 

0.1 /tV/monthf 

0.1 jttV/monthl' 

Input bias current (Typ) 

1 pA 

1 pA 

1 pA 

Input offset current (Typ) 

1 pA 

1 pA 

1 pA 


1"The long-term drift value applies after the first month. 


DEVICE TYPE 

PACKAGE 

TLC277M 

FH, FK, JG 

TLC27L7M 

FH, FK, JG 

TLC27M7M 

FH, FK, JG 

TLC277I 

D, JG, P 

TLC27L7I 

D, JG, P 

TLC27M7I 

D, JG, P 

TLC277C 

D, JG, P 

TLC27L7C 

D, JG, P 

TLC27M7C 

D, JG, P 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


description (continued) 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC277 
series include many areas that have previously been limited to BIFET and NFET product types. Any circuit using high- 
impedance elements and requiring small offset errors is a good candidate for cost-effective use of these devices. Many 
features associated with bipolar technology are available with LinCMOS™ operational amplifiers without the power 
penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, amplifier 
blocks, active filters, and signal buffering are all easily designed with the TLC277 series. This series includes devices 
that will be characterized for commercial, industrial, and military temperature ranges and will be available in 8-pin 
plastic and ceramic dual-in-line (P, JG) packages, small-outline (D) package, and chip carrier (FH, FK) packages. 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd (see Note 1) 18 V 

Differential input voltage (see Note 2) ±18 V 

Input voltage range (any input) -0.3 V to 18 V 

Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 

D package 725 mW 

FH package (see Note 5) 1 200 mW 

FK package (see Note 5) 1375 mW 

JG package 1050 mW 

P package 725 mW 

Operating free-air temperature range: TLC277M, TLC27L7M, TLC27M7M -55°C to 125°C 

TLC277I, TLC27L7I, TLC27M7I -40°Cto85°C 

TLC277C, TLC27L7C, TLC27M7C 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260 °C 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 


2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 


3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 
not exceeded. 

4. For operation above 25 °C free-air temperature, refer to the Dissipation Derating Table. 

5. For FH and FK packages, power rating and derating factor will vary with the actual mounting technique used. The values stated here are believed 
to be conservative. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

D 

725 mW 

5.8 mW/°C 

25 °C 

FH 

1200 mW 

9.6 mW/°C 

25 °C 

FK 

1375 mW 

11 mW/°C 

25°C 

JG 

1050 mW 

8.4 mW/°C 

25 °C 

P 

725 mW 

5.8 mW/°C 

O 

o 

LO 

CM 


recommended operating conditions 


1 

MIN NOM 

MAX 

UNIT 

Supply voltage, Vqd 

M-suffix types 

4 

16 

V 

l-suffix and C-suffix types 

3 

16 

Common-mode input voltage, V|c 

V D D = 4 V 

0 

3 

V 

< 

o 

o 

II 

o 

< 

-0.2 

9 

V D D = 16 V 

-0.2 

14 


M-suffix types 

-55 

125 


Operating free-air temperature, Ta 

l-suffix types 

-40 

85 

°c 


C-suffix types 

0 

70 
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M-SUFFIX TYPES 


co 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS f 

TLC277M 

TLC27L7M 

TLC27M7M 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

V 0 = 1.4 V, 

R S = 50 Q 

25°C 

0.5 

0.5 

0.5 

mV 

-55°C to 125°C 

2 

2 

2 

Average temperature 
a\/iO coefficient of input 
offset voltage 


- 55 °C to 125°C 

5 

0.7 

2 

mV/°c 

l|0 Input offset current 

V| C = 5 V, 

V 0 = 5 V 

25°C 

1 

1 

1 

PA 

- 55°C to 1 25 °C 

15 

15 

15 

nA 

l|B Input bias current 

Vic = 5 V, 

V 0 = 5 V 

25°C 

1 

1 

1 

PA 

-55°C to 1 25°C 

35 

35 

35 

nA 

Common-mode input 

V|CR 

voltage range 


25°C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output voltage 

v OM - ± 

swing* 

V| D = 100 mV 

25 °C 

8 8.6 

8 8.6 

8 8.6 

V 

- 55°C to 125°C 

7.8 

7.8 

7.8 

Large-signal differential 
AvD voltage amplification 

Vq = 1 to 6 V, 

RS = 50 0 

25 °C 

10 40 

30 500 

20 280 

V/mV 

-55° to 1 25°C 

7 

20 

10 

Common-mode 

CMRR 

rejection ratio 

Vq « 1.4 V, 

V IC = V ICR min 

25 °C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
ksvR rejection ratio 
(A Vcc/A V|Q) 

V DD = 5 to 10 V, 
Vq = 1.4 V 

25 °C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

los 

output current 

V 0 = 0, 

V|D = 100 mV 

25°C 

-55 

j 

-55 

-55 

mA 

v O = V DD> 

V| D = -100 mV 

15 

15 

15 

Supply current 
(each amplifier) 

No load, 

V 0 = 5 V, 

V| C = 5 V 

25 °C 

1 1000 2000 

10 20 

1 50 300 

a*a 

j -55°C to 125°C 

3000 

40 

500 


t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output load resistor is connected 
from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted) 


PARAMETER 

V|q Input offset voltage 

Average temperature 
a VIO coefficient of input 

offset voltage 

l|0 Input offset current 

l|B Input bias current 

Common-mode input 

Vi C r 

voltage range 

Peak output voltage 

v OM . + 

<;winn + 


TEST CONDITIONS^ 


V 0 = 1.4 V, 
R S = 50 Q 


V| C = 5 V, 
V 0 = 5 V 
V, C = 5 V, 
V 0 = 5 V 


V|d = 100 mV 


swing* 

Large-signal differential Vq = 1 to 6 V, 
voltage amplification Rg = 50 0 

Common-mode Vo = 1.4 V, 


rejection ratio 
i ~~ Supply voltage 

| k SVR rejection ratio 

(A Vqq/A V|q) 

Short-circuit 

ios 

j output current 

I 

| Supply current 

(each amplifier) 


Vq = 1.4 V, 

V|c = V|CR min 

V DD = 5 to 10 V, 
Vq = 1.4 V 

Vo = 0, 

V| D = 100 mV 

v O = V DD- 
V| D = -100 mV 
No load, 

Vq = 5 V, 

V, C = 5 V 


MIN TYP MAX MIN TYP MAX MIN TYP MAX 


25 °C 

-40°C to 85 °C 


-40°C to 85 °C 

25°C 


o 

O 

O 

00 

CJ1 

0 

o 

200 

200 

200 

PM 

25 °C 

1 

1 

1 


)°C to 85°C 

300 

300 

300 

PA 

25 °C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

25°C 

CO 

00 

00 

8 8.6 

CO 

CO 

CO 


)°C to 85 °C 

L™ i 

7.8 

7.8 


25°C 

o 

■st 

o 

30 500 

20 280 


o 

O 

o 

00 

ui 

o 

7 

20 

10 


25°C 

70 88 

70 88 

70 88 

dB 

25 °C 

65 82 

70 88 

70 88 

dB 

25 °C 

-55 

-55 

-55 

mA 


15 

15 

15 


25°C 

1000 2000 

10 20 

1 50 300 



-40°C to 85 °C 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output load resistor is connected 
from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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C-SUFFiX TYPES 

electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS ^ 

TLC277C 

TLC27L7C 

TLC27M7C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

Vq = 1.4 V, 

R$ = 50 

25 °C 

0.5 

0.5 

0.5 

mV 

0°C to 70 °C 

1.5 

1.5 

1.5 

Average temperature 
a\/|Q coefficient of input 

offset voltage 


0°C to 70 °C 

5 

0.7 

2 

nvrc 

l |0 Input offset current 

V| C = 5V, 

Vq = 5 V 

25°C 

1 

1 

1 

pA 

0°C to 70 °C 

100 

100 

100 

l|B Input bias current 

V| C = 5 V, 

V 0 = 5 V 

25 °C 

1 

1 

1 

pA 

0°C to 70 °C 

150 

150 

150 

Common-mode input 

V|CR 

voltage range 


25 °C 

-0.2 

to 

9 

-0.2 

to 

9 

-0.2 

to 

9 

V 

Peak output voltage 

v OM • ± 

swing* 

V| D = 100 mV 

25 °C 

8 8.6 

8 8.6 

8 8.6 

V 

0°C to 70 °C 

7.8 

7.8 

7.8 

Large-signal differential 
voltage amplification 

Vq = 1 to 6 V, 

RS = 50 Q 

25 °C 

10 40 

30 500 

20 280 

V/mV 

0° to 70°C 

7.5 

25 

15 

Common-mode 

CMRR 

rejection ratio 

Vq = 1 .4 V, 

V IC = V|CR min 

25 °C 

70 88 

70 88 

70 88 

dB 

Supply voltage 
k$VR rejection ratio 

(A Vqq/A V|q) 

Vqd = 5 to 10 V, 
Vq = 1.4 V 

25 °C 

65 82 

70 88 

70 88 

dB 

Short-circuit 

•os 

output current 

Vq = 0, 

V| D = 100 mV 

25 °C 

-55 

-55 

-55 

mA 

v 0 = V DD' 

V| D = -100 mV 

15 

15 

15 

Supply current 

DD (each amplifier) 

No load, 

Vo = 5 V, 

V| C = 5 V 

25°C 

1000 2000 

10 20 

1 50 300 

^A 

0°C to 70 °C 

2200 

30 

400 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output load resistor is c 
from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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operating characteristics, Vqd = 10 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TLC277M 

TLC277I 

TLC277C 

TLC27L7M 

TLC27L7I 

TLC27L7C 

TLC27M7M 

TLC27M7I 

TLC27M7C 


MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

B-j Unity-gain bandwidth 

A V = 40 dB, 

C L = 10 pF, 

RS = 50 fi 

2.3 

0.1 

0.7 

m 

Slew rate at 

unity gain 

See Figure 1 

4.5 

0.04 

0.6 


Overshoot factor 

See Figure 1 

35% 

30% 

35% 


Phase margin at 
unity gain 

A v = 40 dB, 

RS = 100 G, 

C L = 10 pF 

50° 

43° 

43° 

■ 

y Equivalent input 

n noise voltage 

f = 1 kHz, 

RS = ioo a 

30 

70 

38 


Crosstalk 

V 0 i/V o2 

° attenuation 

o 

o 

II 

> 

< 

120 

120 

120 

dB 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1-UNITY GAIN AMPLIFIER 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT (EACH AMPLIFIER) 
vs 



4 6 8 10 12 14 16 18 20 

Vdd~ S upply Voltage-V 
FIGURE 2 


SUPPLY CURRENT (EACH AMPLIFIER) 
vs 

FREE-AIR TEMPERATURE 


10,000 


% 


= 1000 

a 

E 


100 


10 


Q 

G 



H 

gh-Bic 

< 

.2 

iions 

VpD = io v 
V| C = 0V 

V 0 = 2 V 

No load 



M 

edium 

-Bias 

Persic 

1 

ns 





Low 

■Bias \ 

H 

^ersio 

ris 




1 







10 20 30 40 50 60 70 80 

T a— F ree-Air Temperature— °C 
FIGURE 3 


LOW-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 



0 ° 

30° 

60° 

90° 

120 ° 

150° 

180° 


0.1 


10 100 Ik 10 k 100 k 

Frequency-Hz 
FIGURE 4 
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J3 


TYPICAL CHARACTERISTICS 

MEDIUM-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
vs 


FREQUENCY 



1 10 100 Ik 10 k 100k 1M 

Frequency- Hz 
FIGURE 5 


HIGH-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 



FIGURE 6 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 


latchup avoidance 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 

output stage considerations 

The amplifier's output stage consists of a source follower connected pullup transistor and an open drain pulldown transistor. 
The high-level output voltage (Voh) is virtually independent of the Iqd selection, and increases with higher values of Vqd 
and reduced output loading. The low-level output voltage (Vol) decreases with reduced output current and higher input 
common-mode voltage. With no load, Vql is essentially equal to the GND pin potential. 

supply configurations 



Even though the TLC277 is characterized for single-supply operation, it can be used effectively in a split-supply configuration 
if the input common-mode voltage (Vjcr), output swing (Vql and Voh)/ and supply voltage limits are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive DC leakages. 
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CIRCUITS 


TYPE UA702M 

GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

D1004, JUNE 1976— REVISED OCTOBER 1983 


Open-Loop Voltage Amplification 
. . . 3600 Typ 


CMRR ... 100 dB Typ 


Designed to be Interchangeable with 
Fairchild /*A702 


JG DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


gndC 

IN - C 
IN + C 

vcc- C 


rcrz 

2 7 

3 6 

4 5 


Dvcc + 

U OUT 

H LAG COMP 
H LEAD COMP 


description 

The uA702 is a high-gain, wideband operational 
amplifier having differential inputs and single-ended 
emitter-follower outputs. Provisions are incorporated 
within the circuit whereby external components may 
be used to compensate the amplifier for stable 
operation under various feedback or load conditions. 
Component matching, inherent in silicon monolithic 
circuit-fabrication techniques, produces an amplifier 
with low-drift and low-offset characteristics. The 
uA702 is particularly useful for applications requiring 
transfer or generation of linear and nonlinear functions 
up to a frequency of 30 MHz. 

The uA702 is characterized for operation over the full 
military temperature range of -55°C to 125°C. 

symbol 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



U FLAT PACKAGE 
(TOP VIEW) 


NC C 
GND C 
IN- C 
IN 4- C 

Vcc- C 


D vcc+ 

3 NC 
u OUT 

2 lag comp 

2 LEAD COMP 


NC— No internal connection 


3 


schematic 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + ( see Note 1 ) 14V 

Supply voltage VqC- ( see Note D -7V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (either input, see Notes 1 and 3) -6 V to 1.5 V 

Peak output current (t w < Is) 50 mA 

Continuous total dissipation at (or below) 70 °C free-air temperature (see Note 4) 300 mW 

Operating free-air temperature range -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 300 °C 


NOTES: 1 . All voltage values, unless otherwise noted, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 

4. For operation above 70 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG packages, uA702M chips are alloy-mounted. 
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TYPE UA702M 

GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature 


PARAMETER 

TEST CONDITIONS * 

V C C+ = 12 V 

V C C- = -6V 

V C C+ = 6 V 

V CC - = -3V 

UNIT 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

V(0 

Input offset voltage 

R S < 2 kO 

25 °C 


0.5 

2 


0.7 

3 

mV 

Full range 

3 


«VIO 

Average temperature 

coefficient of 

input offset voltage 

R S = 50 0 

— 55°C to 25 °C 


2 

10 


3 

15 

^v/°c 

25° C to 125°C 


2.5 

10 


3.5 

15 

•io 

Input offset current 


25 °C 


0.2 

0.5 


0.12 

0.5 

m a 

-55°C 


0.4 

1.5 


0.3 

1.5 

125°C 


0.08 

0.5 


0.05 

0.5 

«IIO 

Average temperature 

coefficient of 

input offset current 


- 55 °C to 25 °C 


3 

16 


2 

13 

nA/°C 

25°C to 1 25°C 

1 5 


0.7 

4 

>IB 

Input bias current 


25 °C 


2 

5 


1.2 

3.5 

pA 

- 55 °C 


4.3 

10 


2.6 

7.5 

VlCR 

Common-mode 

input voltage range 

Positive swing 

25 °C 

0.5 1 

0.5 1 

V 

Negative swing 

-4 

-5 


-1.5 

-2 


v OM 

Maximum peak 

output voltage swing 

R L > 100 kfl 

25 °C 

±5 

±5.3 


±2.5 

±2.7 


V 

Full range 

±5 

±2.5 

R L = 10 kfl 

25 °C 

±3.5 

±4 


±1.5 

±2 


R L 2: 10 kfl 

Full range 

±3.5 

±1.5 

a VD 

Large-signal differential 

voltage amplification 

R L 2t 100 kfl 

V 0 = ±5V 

25°C 

2500 

3600 

6000 



Full range 

2000 


7000 


V 0 = ±2.5 V 

25°C 


600 

900 

1500 

Full range 


500 


1750 

rj Input resistance 


25 °C 

16 

40 


22 

67 


kfl 

Full range 

6 

8 

r o 

Output resistance 

< 

o 

© 

See Note 5 

25 °C 


200 

500 


300 

700 

ft 

CMRR 

Common-mode 

rejection ratio 

R s $2k fl 

25°C 

80 

100 


80 

100 


dB 

Full range 

70 

70 

k SVS 

Supply voltage 

sensitivity 

(AV|o/AVcc> 

R S ^ 2 kfl 

25 °C 

75 

75 

jiV/V 

Full range 

200 

200 

<CC 

Supply current 

No load. 

No signal 

■ 

25 °C 


5 

6.7 


2.1 

3.3 

mA 

- 55 °C 


5 

7.5 


2.1 

3.9 

125°C 


4.4 

6.7 


1.7 

3.3 





25 °C 


90 

120 


19 

30 


PD 

Total power dissipation 

No load. 

No signal 

-55°C 


90 

135 


19 

35 

mW 





1 25 °C 


80 

120 


15 

30 



*AII characteristics are specified under open-loop operation. Full range is -55°C to 125°C. 

NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


3-212 


, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TYPE UA702M 

GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


operating characteristics Vcc + = 12 V, VcC- = -6 V, Ta = 25 °C 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

t r Rise time 

1 

V| = 10 mV, C L = 0 

25 120 

ns 

2 

V| = 1 mV 

10 30 

ns 

Overshoot factor 

1 

V| = 10 mV, C|_ = 100 pF 

10% 50% 


2 

Vj = 1 mV 

20% 40% 


SR Slew rate 

1 

u_ 

a 

o 

o 

II 

U 

> 

to 

II 

> 

1.7 

V/ M s 

2 

V| = 100 mV 

11 


PARAMETER MEASUREMENT INFORMATION 


V| 


INPUT VOLTAGE 
WAVEFORM 


2 k n 



OUTPUT 


3 


V| 


INPUT VOLTAGE 
WAVEFORM 


5 k£2 



FIGURE 2— GAIN-OF-IOO AMPLIFIER 
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Operational Amplifiers 


TYPE uA702M 

GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


3 


TYPICAL CHARACTERISTICS 


MAXIMUM PEAK TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

(for various lag compensations) 


> 

1 

> 

I 

I 

£ 

J 

I 



f-Fraquancy-Hz 

FIGURE 3 



LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 



100 Ik 10 k 100 k 1 M 10 M 


f-Frequency-Hz 

FIGURE 4 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 

(for various lag compensations) 

AvD(0»*AvD at f -1 Hz 11 

VCC+ * 12 V A 

V C C- “ — 6 V || 
C3 - 50 pF 
T A - 26° C 



f— Frequency-Hz 

FIGURE 6 



f-Frequency-Hz 

FIGURE 5 



LEAD-LAG COMPENSATION CIRCUIT 
FOR FIGURE 6 
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I LINEAR 
INTEGRATED 
CIRCUITS 


TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

D942, FEBRUARY 1971 -REVISED AUGUST 1983 


Common-Mode Input Range ... ± 10 V Typical 

Designed to be Interchangeable with Fairchild 
/*A709A, /*A709, and /*A709C 


Maximum Peak-to-Peak Output Voltage 
Swing . . . 28-V Typical with 15-V Supplies 


description 


UA709AM, uA709M . . . J OR W PACKAGE 
(TOP VIEW) 


NC 

NC 

FREQ COMP B 
IN- 
IN* 

vcc- 

NC 


rtTT7i 4 | 

C 2 13| 

C 3 

L* 

C5 
C6 
C? 


NC 

NC 

FREQ COMP A 


VCC + 

OUT 

OUT FREQ COMP 
NC 


These circuits are general-purpose operational 
amplifiers, each having high-impedance differential 
inputs and a low-impedance output. Component 
matching, inherent with silicon monolithic circuit- 
fabrication techniques, produces an amplifier with 
low-drift and low-offset characteristics. Provisions are 
incorporated within the circuit whereby external 
components may be used to compensate the amplifier 
for stable operation under various feedback or load 
conditions. These amplifiers are particularly useful for 
applications requiring transfer or generation of linear 
or nonlinear functions. 


UA709AM, uA709M . . . JG PACKAGE 
uA709C . . . JG OR P PACKAGE 
(TOP VIEW) 


FREQ COMP B Q 
IN- Q 
IN + C 

Vcc- c 


1 UTh 

2 7 : 

3 6 ] 

4 5 J 


FREQ COMP A 
VCC* 

OUT 

OUT FREQ COMP 



The uA709A circuit features improved offset 
characteristics, reduced input-current requirements, 
and lower power dissipation when compared to the 
uA709 circuit. In addition, maximum values of the 
average temperature coefficients of offset voltage and 
current are guaranteed. 

The uA709AM and uA709M are characterized for 
operation over the full military temperature range of 
-55°C to 125°C. The uA709C is characterized for 
operation from 0°C to 70 °C. 


UA709AM, uA709M . . . U FLAT PACKAGE 
(TOP VIEW) 

NC 

H FREQ COMP A 

U v C c+ 

OUT 

OUT FREQ COMP 


NC— No internal connection 


NC £ 

FREQ COMP B Q 
IN- £ 
IN* C 
VCC- C 


io| 

2 9 

3 8 

4 7| 

5 8 


symbol 


OUTPUT 

FREQ 

COMP 


NONINVERTING 
INPUT IN+ 


INVERTING 
INPUT IN- 



OUTPUT 


FREQ FREQ 
COMP COMP 
A B 
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Operational Amplifiers 


TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note 1 ) 

Supply voltage Vqc - (see Note 1 ) 

Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 

Duration of output short-circuit (see Note 4) 


Continuous total dissipation at (or below) 70 °C free-air temperature (see Note 5) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds IP package 


uA709M 


18 





NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vqc-- 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. 

5. For operation of uA709AM and uA709M above 70 °C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In the J and JG 
packages, uA709AM and uA709M chips are alloy-mounted; uA709C chips are glass-mounted. 
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TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vqc ± = ±9Vto±15V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

UA709AM 

MIN TYP* MAX 

uA709M 

MIN TYP* MAX 

UNIT 

V|Q Input offset voltage 

V 0 = 0, R S < 10 kQ 

25°C 

0.6 2 

1 5 

mV 

Full range 

3 

6 

Average temperature 

“VIO coefficient of input 
offset voltage 

V 0 =0, R S = 50 0 

Full range 

1.8 10 

3 

mV/°C 

V 0 = 0, R s = 10 kQ 

Full range 

4.8 25 

6 

I|q Input offset current 

o 

ii 

o 

> 

25 °C 

10 50 

50 200 

nA 

- 55 °C 

40 250 

o 

o 

o 

o 

1 25 °C 

3.5 50 

20 200 

Average temperature 

a||o coefficient of input 

offset current 

o 

o 

> 

— 55°C to 25 °C 

0.45 2.8 


nA/°C 

25 °C to 125°C 

0.08 0.5 


l|g Input bias current 

Vq = 0 

25 °C 

0.1 0.2 

0.2 0.5 

^A 

-55°C 

0.3 0.6 

0.5 1.5 

Common-mode 

V| C R 

input voltage range 

V CC ± = ±15 V 

25 °C 

±8 ±10 

±8 ±10 

V 

Full range 

±8 

±8 

Maximum peak-to-peak 

v opp * 4 

output voltage swing 

V CC± = ±15 V, R L > 10 kfi 

25 °C 

CO 

CM 

CN 

24 28 

V 

Full range 

24 

24 

V CC± = ±15 V, R l = 2 kQ 

25 °C 

20 26 

20 26 

V CC± = ±15 V, R L > 2 kfl 

Full range 

20 

20 

Large-signal differential 

A\/D 

voltage amplification 

V CC± = ±15 V, R L > 2 kQ, 

Vq = ±10 V 

25°C 

45 

45 

V/mV 

Full range 

25 70 

25 70 

rj Input resistance 


25 °C 

350 750 

1 50 400 

kQ 

- 55 °C 

85 185 

40 100 

r Q Output resistance 

Vq = 0 See Note 6 

25 °C 

150 

150 

Q 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min 

25 °C 

80 110 

70 90 

dB 

Full range 

80 

70 

Power supply sensitivity 

SVS (AV| 0 /AVcc> 

V CC = ±9 V to ±15 V 

25 °C 

40 100 

25 150 

/tV/V 

Full range 

100 

150 

Ice Supply current 

V CC ± = ± 1 5 V, No load, 

V 0 = 0 

25 °C 

2.5 3.6 

2.6 5.5 

mA 

- 55 °C 

2.7 4.5 


1 25 °C 

2.1 3 


Pq Total power dissipation 

Vcc+ = ±15 V, No load, 

Vq = 0 

25 °C 

75 108 

78 165 

mW 

- 55 °C 

81 135 


125°C 

63 90 



1 All characteristics are specified under open-loop with zero common-mode input voltage unless otherwise specified. Full range for uA709AM and uA709M 
is - 55°C to 1 25°C. 

^ All typical values are at VqC± = ±15 V. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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Operational Amplifiers 


TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (unless otherwise noted Vcc ± = ± 1 5 V) 


PARAMETER 

TEST CONDITIONS f 

UA709C 

UNIT 

MIN TYP MAX 

1 

' V|q Input offset voltage 

V CC± = ±9 v to ±15 V, Vq = 0 

25 °C 

2 7.5 

mV 

Full range 

10 

l |0 Input offset current 

VCC± = ±9 V to ±15 V, Vq = 0 

25°C 

100 500 

nA 

Full range 

750 

l|B Input bias current 

V CC± = ±9 V to ±15 V, Vq =0 

25°C 

0.3 1.5 


Full range 

2 

V ICR Common-mode input voltage range 


25°C 

±8 ±10 

V 

Maximum peak-to-peak 

Vnpp 

output voltage swing 

R L > 10 kfi 

25°C 

24 28 

V 

Full range 

24 

R L = 2 kfi 

O 

to 

CM 

20 26 

R L >: 2 kO 

Full range 

20 

Large-signal differential 
voltage amplification 

R|_ < 2 kfi, Vq = ± 1 0 V 

25 °C 

15 45 

V/mV 

Full range 

12 

rj Input resistance 


25 °C 

50 250 

kfi 

Full range 

35 

r 0 Output resistance 

Vq = 0, See Note 6 

25°C 

150 

fi 

CMRR Common-mode rejection ratio 

V|C = V ICR min 

O 

o 

LO 

CM 

65 90 

dB 

^SVS Supply voltage sensitivity 

V CC = ±9 V to ±15V 

25 °C 

25 200 

liVfV 

Pq Total power dissipation 

Vq = 0 No load 

25°C 

80 200 

mW 


^ All characteristics are specified under open-loop operation with zero volts common-mode voltage unless otherwise specified. Full range for uA709C is 0°C 
to 70 °C. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 

operating characteristics Vqc± = ±9 V to ±15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

UA709AM 

uA709M 

UA709C 

UNIT 

MIN TYP MAX 

t r Rise time 

V| = 20 mV, R(_ = 2 kfi, See Figure 1 

O 

r~ 

II 

o 

0.3 1 

fl s 

Overshoot factor 

C L = 100 pF 

6% 30% 



V, 

0 V 

INPUT VOLTAGE 
WAVEFORM 


PARAMETER MEASUREMENT INFORMATION 

10 k£2 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES uA714C f uA714E, uA714L 
ULTRA-LOW-OFFSET-VOLTAGE OPERATIONAL AMPLIFIERS 

D2789, FEBRUARY 1984 


• Ultra-Low Offset Voltage . . . 30 /*V Typ 
(UA714E) 

• Ultra-Low Offset Voltage Temperature 
Coefficient ... 0.3 /tV/° C Typ (uA714E) 

• Ultra-Low Noise 

• No External Components Required 

• Replaces Chopper Amplifiers at a Lower 
Cost 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OFFSET N1 C 
IN - C 
IN + C 

vcc- C 


rurn 

2 7 ] 

3 6 U 

4 5 ] 


OFFSET N2 
VCC + 

OUT 

NC 


NC — No internal connection 


• Single-Chip Monolithic Fabrication 

• Wide Input Voltage Range 

0 to ±14 V Typ 

• Wide Supply Voltage Range 

±3 V to ±18 V 

• Essentially Equivalent to PMI OP-07 Series 
Operational Amplifiers 

• Direct Replacements for Fairchild /*A714C, 
j^A714E, jt*A714L 


symbol 


OFFSET N1 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 
OFFSET N2 



OUTPUT 


3 


description 

These devices represent a breakthrough in operational amplifier performance. Low offset and long-term stability are 
achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For most applications, no 
external components are required for offset nulling and frequency compensation. The true differential input, with a 
wide input voltage range and outstanding common-mode rejection, provides maximum flexibility and performance 
in high-noise environments and in noninverting applications. Low bias currents and extremely high input impedances 
are maintained over the entire temperature range. The uA7 1 4 is unsurpassed for low-noise, high-accuracy amplification 
of very-low-level signals. 


These devices are characterized for operation from 0°C to 70 °C. 
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Operational Amplifiers 


TYPES UA714C, uA714E, uA714L 
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + ( see Note 1) 22 V 

Supply voltage Vcc - -22 V 

Differential input voltage (see Note 2) ±30 V 

Input voltage (either input, see Note 3) ±22 V 

Duration of output short circuit (see Note 4) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 500 mW 

Operating free-air temperature range . 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 260 °C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + and Vqq_. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, these chips are glass mounted. 
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electrical characteristics at specified free-air temperature, Vcc ± = ±15 V (unless otherwise noted) 



ro 

N5 


PARAMETER 



uA714C 

UA714E 

UA714L 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

V I0 

Input offset voltage 

< 

o 

II 

o 

R s = 50 0 

25 °C 


60 

150 


30 

75 


100 

250 

fV 

0°C to 70 °C 


85 

250 


45 

130 

400 

“VIO 

Temperature coefficient of 

input offset voltage 

< 

o 

o 

R S = 50 o 

0°C to 70 °C 


0.5 

1.8 


0.3 

1.3 

1 3 

/xV/°C 

Long-term drift of 

input offset voltage 

See Note 6 



0.4 

2 


0.3 

1.5 


0.5 

3 

/cV/mo 

Offset adjustment range 

R S = 20 kfl, 

See Figure 1 

25 °C 



±4 

m 

ho 

Input offset current 



25 °C 


0.8 

6 


0.5 

3.8 


5 

2.0 

nA 





1.6 

8 


0.9 

5.3 


8 

40 




0°C to 70 °C 


12 

50 


8 

35 


20 

100 

pA/°C 

>IB 




25 °C 


±1.8 

±7 


±1.2 

±4 


±6 

±30 

nA 



0°C to 70 °C 


±2.2 

±9 


±1.5 

±5.5 


±15 

±60 

“IIB 

Temperature coefficient of 

input bias current 


0°C to 70 °C 


18 

50 


13 

35 


35 

150 

pA/°C 

V ICR 

Common-mode input 



25°C 

±13 

±14 


±13 

±14 


±13 

±14 



voltage range 



0°C to 70 °C 

±13 

±13.5 


±13 

±13.5 


±13 

±13.5 





R l > 10 kO 


±12 

±13 


±12.5 

±13 


±12 

±13 



v OM 

Peak output voltage 

R|_ > 2 kl) 

25 °C 

±11.5 

±12.8 


±12 

±12.8 


±11 

±12.8 



R L > 1 kD 


±12 

±10.5 

±12 


±12 




R L > 2 kQ 

0°C to 70 °C 

±11 

±12.6 


±12 

±12.6 


±10 

±12.6 



a VD 

Large-signal differential 

V CC ± = ±3V, 
R l > 500 kQ 

Vq = ±0.5 V, 

25 °C 

100 

400 


150 

500 


50 

150 


V/mV 

voltage amplification 

V 0 = ±10 V, 


o 

in 

CM 

120 

400 


200 

500 


100 

300 





0°C to 70 °C 

100 

400 


180 

450 


80 

400 



Bl 

Unity gain bandwidth 


25 °C 

0.6 

0.6 

0.6 

MHz 

rj 

Input resistance 


25°C 

8 

33 


15 

50 


8 

33 


MO 

CMRR 

Common-mode 

V| C = ±13 V, 

R s = 50 n 

25 °C 

100 

120 


106 

123 


100 

120 



rejection ratio 

0°C to 70 °C 

97 

120 


103 

123 


94 

120 


dB 

k SVR 

Supply voltage rejection 

V CC± = ±3 V to ±18 V, 

25°C 

90 

104 


94 

107 


90 

104 



ratio (AVcc/AV|q) 

R s = 50 0 


0°C to 70 °C 

86 

100 


90 

104 


83 

100 

32 




< 

O 

O 

No load 



80 

150 


75 

120 


100 

180 


p D 

Power dissipation 

V CC ± = ±3V, 

No load 

< 

o 

o 

25 °C 


4 

8 


4 

6 


5 

12 

mW 


"•’All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted. 

NOTE 6: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It is an engineering estimate 
of the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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TYPES uA714C, uA714E, uA714L 
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 









Operational Amplifiers 


TYPES UA714C, uA714E f uA714L 
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc ± = ± 1 5 V (unless otherwise noted) 


PARAMETER 


UA714C 

UA714E 

UA714L 

UNIT 



MIN TYP 

MAX 

MIN TYP 

MAX 

MIN TYP MAX 


Equivalent input 

noise voltage 


f = 10 Hz 

10.5 

20 

10.3 

18 

10.5 


v n 

T a = 25 °C 

f = 100 Hz 

10.2 

13.5 

10 

13 

10.2 

nV/VHz~ 



f = 1 kHz 

9.8 

11.5 

9.6 

11 

9.8 


V NPP 

Peak-to-peak 

equivalent input 

noise voltage 

f = 0.1 Hz to 10 Hz, 

T a = 25 °C 

0.38 

0.65 

0.35 

0.6 


pV 


Equivalent input 

noise current 


f - 10 Hz 

0.35 

0.9 

0.32 

0.8 

0.35 0.8 


*n 

T a = 25°C 

f = 100 Hz 

0.15 

0.27 

0.14 

0.23 

0.15 0.23 

pA/VHz" 



f = 1 kHz 

0.13 

0.18 

0.12 

0.17 

0.13 0.17 


>NPP 

Peak-to-peak 

equivalent input 

noise current 

f = 0.1 Hz to 10 Hz, 

T a = 25 °C 

15 

35 

14 

30 

15 

pA 

SR 

Slew rate 

R L > 2 kO, 

T A = 25 °C 

0.,7 

0.17 

0.17 

WI/JLS 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


TYPICAL APPLICATION DATA 



Vcc+ 


OUTPUT 


FIGURE 1-INPUT OFFSET VOLTAGE NULL CIRCUIT 
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LINEAR 

INTEGRATED 

CIRCUITS 




Short-Circuit Protection 
Offset-Voltage Null Capability 

Large Common-Mode and 
Differential Voltage Ranges 

No Frequency Compensation Required 
Low Power Consumption 
No Latch-up 

Designed to be Interchangeable with Fairchild 
/*A741M, jiA741C 


description 

The uA741 is a general-purpose operational amplifier 
featuring offset-voltage null capability. 

The high common-mode input voltage range and the 
absence of latch-up make the amplifier ideal for 
voltage-follower applications. The device is short- 
circuit protected and the internal frequency 
compensation ensures stability without external 
components. A low potentiometer may be connected 
between the offset null inputs to null out the offset 
voltage as shown in Figure 2. 

The uA741 M is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C; 
the uA741C is characterized for operation from 0°C 
to 70 °C. 


symbol 


TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

D920, NOVEMBER 1970-REVISED AUGUST 1983 


UA741M . . . J PACKAGE 
(TOP VIEW) 


nc n 

Ncy 

OFFSET N1 □ 

in - y 
IN+ C 

Vec- E 

NCQ 

TTJl4 

2 13 

3 12 

4 11 

5 10 

6 9 

7 8 

Unc 

Dnc 

Unc 

D vcc + 
Jour 

U OFFSET N2 

Unc 

UA741M . . . JG PACKAGE 

UA741C . . . D, P, OR JG PACKAGE 

(TOP VIEW) 

OFFSET N1 y 
IN- C 
IN -4- C 

vcc- C 

TUT 

2 7 

3 6 

4 5 

U NC 

U vcc + 

U OUT 

n OFFSET N2 

uA741M . . . U FLAT PACKAGE 

(TOP VIEW) 

ncQ 

OFFSET N1 £ 
IN- y 

,N+ c 

vcc - C 

•1 10 

2 9 

3 8 

4 7 

5 6 

U NC 

U NC 

1 v C c + 

U OUT 

u OFFSET N2 



uA741M . . . FH, FK PACKAGE 
(TOP VIEW) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 


co 

O LL o O O 

Z o 2 z Z 


3 2 1 20 19 


NC ]4 
M — ] 5 
NC ]6 
M + ] 7 
NC ]8 


9 10 11 12 13 

. i — 1 1 — 1 1 — 1 1 — 1 1 — i , 

U I U <N o 

O H 
> m 
CO 


18 [ NC 
17 [ V C C + 
16 [ NC 
15[ OUT 
14 [ NC 


NC — No internal connection 
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Operational Amplifiers 


TYPES UA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage VqC + (see Note 1 ) 

Supply voltage VqC - (see Note 1 ) 

Differential input voltage (see Note 2) 

Input voltage any input (see Notes 1 and 3) 

Voltage between either offset null terminal (N1/N2) and Vcc- 
Duration of output short-circuit (see Note 4) 

Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) 
Operating free-air temperature range 
Storage temperature range 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds FH, FK, J, JG, or U package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D, N or P package 


±15 

±0.5 

unlimited 


500 

-55 to 125 
-65 to 150 
300 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc + ancl V CC-- 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the uA741 M only, the unlimited duration of the short-circuit applies at (or below) 
125°C case temperature or 75 °C free-air temperature. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, uA741M chips are 
alloy mounted; uA741 C chips are glass mounted. 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = 15 V, Vqc - = - 1 5 V 


PARAMETER 

TEST CONDITIONS^ 

uA741M 

uA741C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

o 

H 

o 

> 

25°C 

1 5 

1 6 

mV 

Full range 

6 

7.5 

Offset voltage 

AV IO(adj) ad j ust range 

< 

o 

II 

o 

25 °C 

±15 

±15 

mV 

1 10 Input offset current 

o 

II 

o 

> 

25°C 

20 200 

20 200 

nA 

Full range 

500 

300 

l|B Input bias current 

o 

o 

> 

25 °C 

80 500 

80 500 

nA 

Full range 

1500 

800 

Common-mode 

V|CR 

input voltage range 


25°C 

±12 ±13 

±12 ±13 

V 

Full range 

±12 

±12 

y Maximum peak 

output voltage swing 

R|_ = 10 kfl 

25°C 

±12 ±14 

±12 ±14 

V 

R L > 10 kfi 

Full range 

±12 

±12 

R L = 2 kfl 

25 °C 

±10 ±13 

±10 ±13 

RL > 2 kO 

Full range 

±10 

±10 

Large-signal differential 

A\/D 

voltage amplification 

R|_ > 2 kQ 

25 °C 

50 200 

20 200 

V/mV 

V 0 = ±10 V 

Full range 

25 

15 

r; Input resistance 


25 °C 

0.3 2 

0.3 2 

Mfi 

r 0 Output resistance 

V 0 = 0, 

See Note 6 

25 °C 

75 

75 


Cj Input capacitance 


25°C 

1.4 

1.4' 

pF 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR min 

25 °C 

70 90 

70 90 

dB 

Full range 

70 

70 

Supply voltage 
kgVS sensitivity 

(AV|q/AVcc) 

Vcc = ±9 V 
to ± 1 5 V 

25 °C 

30 150 

30 150 

pV/V 

Full range 

150 

150 

Short-circuit 

'os 

output current 


25°C 

±25 ±40 

±25 ±40 

mA 

Iqc Supply current 

No load, Vq = 0 

25 °C 

1.7 2.8 

1.7 2.8 

mA 

Full range 

3.3 

3.3 

Pq Total power dissipation 

No load, Vq = 0 

25 °C 

50 85 

50 85 

mW 

Full range 

100 

100 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for uA741M is 
- 55 °C to 1 25 °C and for uA741C is 0°C to 70°C. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES UA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = 15 V, VcC— = —15 V, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

UA741M 

uA741C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

t r Rise time 

V| = 20 mV, R L =2kfi, 

C(_ = 100pF, See Figure 1 

0.3 

0.3 

MS 

Overshoot factor 

5% 

5% 


SR Slew rate at unity gain 

V| = 10V, R L = 2kn, 

Cj_ = 100 pF, See Figure 1 

0.5 

0.5 

V/m s 


PARAMETER MEASUREMENT INFORMATION 


3 



FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL APPLICATION DATA 



FIGURE 2 - INPUT OFFSET VOLTAGE NULL CIRCUIT 
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Operational Amplifiers 
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3-228 


LINEAR 

INTEGRATED 

CIRCUITS 


• Frequency and Transient Response 
Characteristics Adjustable 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 

• Same Pin Assignments as uA709 


description 

The uA748 is a general-purpose operational amplifier 
that offers the same advantages and attractive 
features as the uA741 except for internal 
compensation. External compensation can be as 
simple as a 30-pF capacitor for unity-gain conditions 
and, when the closed-loop gain is greater than one, 
can be changed to obtain wider bandwidth or higher 
slew rate. This circuit features high gain, large 
differential and common-mode input voltage range, 
and output short-circuit protection. Input offset 
voltage adjustment can be provided by connecting a 
variable resistor between the offset null pins as shown 
in Figure 12. 


TYPES UA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

D921 , DECEMBER 1970- REVISED AUGUST 1983 


UA748M . . . JG 


uA748C . . . D, JG. OR P 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


N1/COMPC 

TT77 

IN - C 

2 7 

IN + c 

3 6 

vcc- C 

4 5 


UA748M . . . U FLAT PACKAGE 
(TOP VIEW) 


NC C 
N1/COMP C 
IN- E 
IN+ C 

vce- C 


|#1 10 

2 9 

3 8 
7 

5 6 


Unc 

D COMP 

D v C c + 

3 OUT 
] N2 


NC — No internal connection 



The uA748M is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C; 
the uA748C is characterized for operation from 0°C 
to 70 °C. 


symbol 



OUTPUT 


583 


Copyright © 1979 by Texas Instruments Incorporated 
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Operational Amplifiers 


TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic 



Resistor values shown are nominal. 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 



UA748M 

UA748C 

UNIT 

Supply voltage Vcc + (see Note 1) 

22 

18 

V 

Supply voltage Vqc - (see Note 1 ) 

-22 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

V 

Input voltage (either input, see Notes 1 and 3) 

±15 

±15 

V 

Voltage between either offset null terminal (N1/N2) and Vcc- 

-0.5 to 2 

-0.5 to 2 

V 

Duration of output short-circuit (see Note 4) 

unlimited 

unlimited 


Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) 

500 

500 

mW 

Operating free-air temperature range 

-55 to 125 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG or U package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

°C 


NOTES: 1. 

2 . 

3. 

4 . 

5. 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vcc~- 
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit applies at (or below) 
125°C case temperature or 75 °C free-air temperature. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG package, uA748M chips are 
alloy-mounted; uA748C chips are glass-mounted. 
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TYPES UA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vqc + = 15 V, Vqc - = - 1 5 V, Cq = 30 pF 


PARAMETER 

TEST CONDITIONS* 

uA748M 

uA748C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

o 

ll 

O 

> 

25°C 

1 5 

1 6 

mV 

Full range 

6 

7.5 

1 10 Input offset current 

< 

o 

II 

O 

25°C 

20 200 

20 200 

nA 

Full range 

500 

300 

l|B Input bias current 

< 

o 

II 

o 

25°C 

80 500 

80 500 

nA 

Full range 

1500 

800 

Common-mode 

V|CR 

input voltage range 


25°C 

±12 ±13 

±12 ±13 

V 

Full range 

±12 

±12 

Maximum peak 

Vqm . 

output voltage swing 

R L = 1 0 kO 

25°C 

±12 ±14 

±12 ±14 

V 

R L > 10 kO 

Full range 

±12 

±12 

R L = 2 kfi 

25°C 

±10 ±13 

±10 ±13 

R L > 2 kQ 

Full range 

±10 

±10 

Large-signal differential 
voltage amplification 

R|_ > 2 kfl, 

V 0 = ± 1 0 V 

25 °C 

50 200 

20 200 

V/mV 

Full range 

25 

15 

rj Input resistance 


O 

o 

LO 

CM 

0.3 2 

0.3 2 

MO 

r 0 Output resistance 

v 0 = 0, 

See Note 6 

25°C 

75 

75 

0 

Cj Input capacitance 


25°C 

1.4 

1.4 

PF 

Common-mode 

CMRR 

rejection ratio 

V IC = V ICR m 'n, 

v 0 = 0 

25 °C 

70 90 

o 

CD 

O 

dB 

Full range 

70 

70 

Supply voltage 
ksvS sensitivity 

(AV| 0 /AV CC ) 

V CC = ±9 V to ±15 V, 

V 0 m 0 

25°C 

30 150 

30 150 

mV/v 

Full range 

150 

150 

Short-circuit 

•os 

output current 


25°C 

±25 ±40 

±25 ±40 

mA 

•CC Supply current 

No load, 

V 0 = 0 

25 °C 

1.7 2.8 

cq 

r^ 

mA 

Full range 

3.3 

3.3 

Total power 
^ dissipation 

No load, 

V 0 = 0 

25 °C 

50 85 

50 * 85 

mW 

Full range 

100 

100 


^ All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for uA748M is 
- 55 °C to 1 25°C and for uA748C is 0°C to 70 °C. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics, Vqc + = 15 V, VqC- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

uA748M 

UA748C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

t r Rise time 

V| = 20 mV, R L = 2 kO, 

C L = 100 pF, C C = 30 pF, 

See Figure 1 

0.3 

0.3 

ns 

Overshoot factor 

5% 

5% 


SR Slew rate at unity gain 

V| = TO V, R L = 2 kO, 

C L = 100 pF, C C = 30 pF, 

See Figure 1 

0.5 

0.5 

V/fis 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT VOLTAGE 
WAVEFORM 



FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 


INPUT OFFSET CURRENT 



TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT 



-40-26 0 20 40 60 80 100 120 140 

Ta— F ree-Air Temperature— °C 

FIGURE 2 


MAXIMUM PEAK OUTPUT VOLTAGE 


-60 -40 -20 0 20 40 60 80 100 120 140 

Ta— F ree-Air Temperature-°C 

FIGURE 3 



0.4 0.7 1 2 i 

R|_— Load Resistance— kfi 


±20 
> ±18 
| ±16 
£ ±14 

| ±12 
O 

! ±10 
E ±8 


MAXIMUM PEAK OUTPUT VOLTAGE 
FREQUENCY 


OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 








7TTTH — r nnn 
Vcc+ = 15 V 

VCC-=“15V 

r l = io kn 

C C = 30 pF 

















. L 



llll 





V 



J 





. T 



1 






L 


-1 








_J 








-1 










k 10 k 100 k 

f— Frequency— H* 

FIGURE 5 



4 6 8 10 12 14 16 18 

I Vcc±l -Supply Voltage- V 



100 Ik 10 k 100 k 1 M 10 M 100 M 
f— Frequency— Hz 
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TYPES UA748M, uA748C 
GENERAL PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


COMMON-MODE REJECTION RATIO 


OUTPUT VOLTAGE 


7 


DC 



DC 



1 10 100 Ik 10 k 100k 1M 10M100M 



0 0.5 1 1.5 2 2.5 


f— Frequency— Hz 


t— Time— pis 


FIGURE 8 


FIGURE 9 


TYPICAL APPLICATION DATA 



VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 








Vcc+ 

15 V 

-15 V 







Ri = 2 kJ2 



T 



X 

C 

= 100 dF 



L 

TPU 


j\ 

Co - 30 pF 

Ta = 25°C 


j 



I 


\J 





J_ 


1 

NPU 

iL 

3 









i 


\ 








[T. 


X 











z] 







_ 



' 1 

Lj 



0 10 20 30 40 50 60 70 80 90 


FIGURE 10 


3 


FIGURE 11 -UNITY-GAIN VOLTAGE FOLLOWER 


R2 



Vo R2 
V| R1 


C C > 


R1 • 30 pF 
R1 + R2 


R1 • R2 


R3= 

R1 + R2 


FIGURE 12— INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
COMPENSATION, AND OFFSET ADJUSTMENT 
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Linear Circuits 
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Voltage Comparators 



4-2 



SELECTION GUIDE 


VOLTAGE COMPARATORS 


military temperature range 


(values specified at Ta = 25 °C) 


DEVICE 

NUMBER 

TYPE 

REMARKS 

VlO 

MAX 

(mV) 

>IB 

MAX 

(mA) 

•OL 

MIN 

(mA) 

RESPONSE 

TIME 

TYP 

(ns) 

POWER SUPPLIES 

— 

PACKAGES 

PAGE 

v cc + 

NOM 

(V) 

V CC- 

NOM 

(V) 

UA710M 



2 

20 

2 

40 

12 

-6 

J,JG,U 

4-87 

LM106 


Strobe 

2 

45 

100 

28 

12 

-6 

J,JG,W 

4-9 

LM111 


Strobe 

3 

0.1 

8 

115 

15 

-15 

FH,FK,J,JG,U 

4-15 

TL510M 

Single 

Strobe 

2 

15 

2 

30 



FH,FK,JG,U 

4-45 

TL810M 


Improved TL710M 

2 

15 

2 

30 



JG,U 

4-67 

TL710M 



5 

75 

1.6 

40 

15 

-6 

FH,FK,JG,U 

4-59 

TL331M 


V C c: 12 V to 36 V 

5 

-0.1 

6 

300 

5 

0 

JG 

4-37 

TL506M 


Strobes 

2 

20 

100 

28 

12 

-6 

J,W 

4-39 

TL820M 


Dual TL810M 

2 

15 

2 

30 

12 

-6 

J 

4-79 

TL514M 

Dual 

Dual TL510M 

2 

15 

2 

30 

12 

-6 

FH,FK,J,W 

4-51 

UA711M 

Strobes 

3.5 

75 

0.5 

40 

12 

-6 

J,U 

4-91 

TL811M 


Strobes 

3.5 

20 

0.5 

33 

12 

-6 

J,U 

4-73 

LM193 


V CC : 2 V to 36 V 

5 

0.1 

6 

300 

5 

0 

FH,FK,JG 

4-29 

TLC372M 


LinCMOS 

10 



200 

5 

0 

JG 

4-83 

LM139A 


V CC : 2 V to 36 V 

2 

-0.1 

6 

300 

5 

0 

D,J,N 

4-25 

LM139 

Quad 

Vcc: 2 V to 36 V 

5 

-0.1 

6 

300 

5 

0 

FH,FK,J 

4-25 

TLC374M 


LinCMOS 

10 



200 

5 

0 

J 

4-85 


automotive temperature range (values specified at Ta = 25 °C) 



DEVICE 

NUMBER 

TYPE 

REMARKS 

V I0 

MAX 

(mV) 

■lB 

MAX 

(/xA) 

«OL 

MIN 

(mA) 

RESPONSE 

TIME 

TYP 

(ns) 

POWER SUPPLIES 

PACKAGES 

PAGE 

V CC + 
NOM 

(V) 

V CC- 

NOM 

(V) 

LM2903 

Dual 

V CC : 2 V to 36 V 

7 

0.25 

6 

300 

5 

0 

D,JG,P 

4-29 

LM3302 

Quad 

Vcc: 2 V to 36 V 

20 

-0.5 

6 

300 

5 

0 

D,J,N 

4-35 

LM2901 

V C c: 2 V to 36 V 

15 

-0.4 

6 

300 

5 

0 

D,J,N 

4-25 


industrial temperature range (values specified at Ta = 25 °C) 


DEVICE 

NUMBER 

TYPE 

REMARKS 

V| 0 

MAX 

(mV) 

■lB 

MAX 

(mA) 

>OL 

MIN 

(mA) 

RESPONSE 

TIME 

TYP 

(ns) 

POWER SUPPLIES 

PACKAGES 

PAGE 

V CC + 
NOM 

(V) 

V CC- 

NOM 

(V) 

LM206 

Single 

Strobe 

2 

45 

100 

28 

12 

-6 

D,J,JG,N,P 

4-9 

LM211 

Strobe 

3 

0.1 

8 

115 

15 

-15 

D,JG,P 

4-15 

TL331I 


5 

-0.1 

6 

300 

5 

0 

D,JG,P 

4-37 

LM293A 

Dual 


2 

0.25 

6 

300 

5 

0 

D,JG,P 

4-29 

LM219 


4 

0.5 

3.2 

80 

5 

0 

J,N 

4-33 

LM293 


5 

0.25 

6 

300 

5 

0 

D,JG,P 

4-29 

LM239A 

Quad 


4 

-0.4 

6 

300 

5 

0 

D,J,N 

4-25 

LM239 


9 

-0.4 

6 

300 

5 

0 

D,J,N 

4-25 


4 
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Voltage Comparators 


SELECTION GUIDE 


commercial temperature range (values specified at Ta = 25 °C) 


DEVICE 

NUMBER 

TYPE 

REMARKS 

VlO 

MAX 

(mV) 

>IB 

MAX 

[fi A) 

•OL 

MIN 

(mA) 

RESPONSE 

TIME 

TYP 

(ns) 

POWER SUPPLIES 

PACKAGES 

PAGE 

V CC + 
NOM 

(V) 

V C C- 

NOM 

(V) 

TL510C 

Single 

Strobe 

3.5 

20 

1.6 

30 



JG,P 

4-45 

TL810C 

Improved TL710C 

3.5 

20 

1.6 

30 



JG,P 

4-67 

LM306 

Strobe 

5 

40 

100 

28 

12 

-6 

D,J,JG,N,P 

4-9 

TL331C 

V C c: 2 V to 36 V 

5 

-0.25 

6 

300 

5 

0 

D,JG,P 

4-37 

LM311 

Strobe 

7.5 

0.25 

8 

115 

15 

-15 

D,JG,P 

4-15 

TL710C 


7.5 

100 


40 

12 . 

-6 

J,JG,N,P,U 

4-59 

TL721 


±100 



12 Max 

0 

-5.2 

JG,P 

4-65 

TL712 

Output enable 




25 



JG,P 

4-63 

LM393A 

Dual 

V CC : 2 V to 36 V 

2 

0.25 

6 

300 

5 

0 

D,JG,P 

4-29 

TL820C 

Dual TL810C 

3.5 

20 

1.6 

30 

12 

-6 

J,N 

4-79 

TL514C 

Dual TL510C 

3.5 

20 

1.6 

30 

12 

-6 

J,N 

4-51 

uA71 1C 

Strobes 

5 

100 

0.5 

40 

12 

-6 

J,N 

4-91 

TL811C 

Improved uA71 1 C 

5 

30 

0.5 

33 

12 

-6 

J,N 

4-73 

TL506C 

Strobes 

5 

25 

100 

28 

12 

-6 

J,N 

4-39 

LM393 

V CC : 2 V to 36 V 

5 

0.25 

6 

300 

5 

0 

D,JG,P 

4-29 

LM319 


8 

1 

3.2 

80 

5 

0 

J,N 

4-33 

TLC372C 

LinCMOS 

10 



200 

5 

0 

JG,P 

4-83 

LM339 

Quad 


5 

-0.15 

6 

300 

5 

0 

D,J,N 

4-25 

LM339A 


2 

-0.15 

6 

300 

5 

0 

D,J,N 

4-25 

TLC374C 

LinCMOS 

10 



200 

5 

0 

D,J,N 

4-85 
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GLOSSARY 


Input Offset Voltage (V|o) 

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 


Average Temperature Coefficient of Input Offset Voltage (a\/IO) 

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


aviO = 


(V|Q @ Ta(1))-(V|Q @ T A (2)) 
T A (1)-T A (2) 




where Ta( 1) and T A (2) are the specified temperature extremes. 


Input Offset Current (l|o) 

The difference between the currents into the two input terminals with the output at the specified level. 


Average Temperature Coefficient of Input Offset Current (a||0) 

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


«IIO = 


<I|Q @ Ta(1))-(I|Q @ Ta(2)) 
TA(1)~Ta(2) 




where Ta( 1) and T A (2) are the specified temperature extremes. 


Input Bias Current (I|b) 

The average of the currents into the two input terminals with the output at the specified level. 

High-Level Strobe Current (l|H(S)) 

The current flowing into or out of* the strobe at a high-level voltage. 



Low-Level Strobe Current (l|L(S)) 

The current flowing out of* the strobe at a low-level voltage. 


High-Level Strobe Voltage (V|H(S)) 

For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the operation 
of the comparator. 


Low-Level Strobe Voltage (V|L(S)) 

For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or 
low, as specified, independently of the differential inputs. 


Input Voltage Range (V|) 

The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly. 


Common-Mode Input Voltage (V|c) 

The average of the two input voltages. 


•Current out of a terminal is given as a negative value. 
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Voltage Comparators 


GLOSSARY 



4-6 


Common-Mode Input Voltage Range (V|qr) 

The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly. 

Differential Input Voltage (V|d) 

The voltage at the noninverting input with respect to the inverting input. 

Differential Input Voltage Range (V|d) 

The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning 
properly. 

Differential Voltage Amplification (Avd) 

The ratio of the change in output to the change in differential input voltage producing it with the common-mode input 
voltage held constant. 

High-Level Output Voltage (Voh) 

The voltage at an output with input conditions applied that according to the product specification will establish a high 
level at the output. 

Low-Level Output Voltage (Vol) 

The voltage at an output with input conditions applied that according to the product specification will establish a low 
level at the output. 

High-Level Output Current, Ooh) 

The current into* an output with input conditions applied that according to the product specification will establish 
a high level at the output. 

Low-Level Output Current, (Iol) 

The current into* an output with input conditions applied that according to the product specification will establish 
a low level at the output. 

Output Resistance (r Q ) 

The resistance between an output terminal and ground. 

Common-Mode Rejection Ration (kcMR, CMRR) 

The ratio of differential voltage amplification to common-mode voltage amplification. 

NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 

Supply Current dec + - •CC - ) 

The current into* the Vcc + or VcC- terminal of an integrated circuit. 

Total Power Dissipation (Pp) 

The total d-c power supplied to the device less any power delivered from the device to a load. 

NOTE: At no load: Pd = Vqc + • *CC -h + V CC- * *CC-- 


‘Current out of a terminal is given as a negative value. 
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GLOSSARY 


Response Time 

The interval between the application of an input step function and the instant at when the output crosses the logic 
threshold voltage. 

NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the 
case of high-to-low-level response time, to turn the output off) to an input level just barely in excess of that required 
to bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive. 

Strobe Release Time 

The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from 
its active logic level to its inactive logic level. 



Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Voltage Comparators 



Voltage Comparators 



4-8 



783 


LINEAR 

INTEGRATED 

CIRCUITS 


TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

D1108, OCTOBER 1979-REVISED JULY 1983 




Fast Response Times 
Improved Gain and Accuracy 
Fan-Out to 1 0 Series 54/74 TTL Loads 
Strobe Capability 

Short-Circuit and Surge Protection 

Designed to be Interchangeable with 
National Semiconductor LM106, LM206, 
and LM306 


J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE 
(TOP VIEW) 


NC 
GND 
IN + 
IN- 
NC 

vcc- 

STROBE 1 


c 

c 

c 

L 

c 

C7 


1 Ul4p 

2 13p 

3 

4 

5 


12 ] 
11 ] 
10 D 
9 1] 
sD 


NC 

NC 

NC 

VCC + 

NC 

OUT 

STROBE 2 


description 

The LM106, LM206, and LM306 are high-speed 
voltage comparators with differential inputs, a low- 
impedance high-sink-current (100 mA) output, and 
two strobe inputs. These devices detect low-level 
analog or digital signals and can drive digital logic or 
lamps and relays directly. Short-circuit protection and 
surge-current limiting is provided. 

The circuit is similar to a TL810 with gated output. 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage. The circuit will operate with 
any negative supply voltage between -3 volts and 
-12 volts with little difference in performance. 

The LM1 06 is characterized for operation over the full 
military temperature range of - 55 °C to 125 °C, the 
LM206 is characterized for operation from - 25 °C to 
85 °C, and the LM306 from 0°C to 70 °C. 


NC — No internal connection 


D, JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


GND 
IN + 
IN- 

Vcc- 


D 

D 


1 U 8 
; 2 7 

£ 3 6 

E 4 5 


Vcc + 

OUT 

STROBE 2 
STROBE 1 


functional block diagram 



OUTPUT 
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Voltage Comparators 


TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


schematic 




Resistor values are nominal in ohms. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + ( see Note 1) 15V 

Supply voltage Vcc - ( see Note 1 ) -15V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (either input, see Notes 1 and 3) ±7 V 

Strobe voltage range (see Note 1) 0 V to Vcc + 

Output voltage (see Note 1 ) 24 V 

Voltage from output to Vqq - 30 V 

Duration of output short-circuit (see Note 4) 10 s 

Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) 600 mW 

Operating free-air temperature range: LM106 Circuits -55°C to 125°C 

LM206 Circuits - 25 °C to 85 °C 

LM306 Circuits 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG or W package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package 260 °C 


NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vqq_, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, LM106 chips are alloy- 
mounted; LM206 and LM306 chips are glass-mounted. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc + = 12 V, Vcc - = -3 V to 12 V 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

LM106, LM206 

LM306 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

Rg ^ 200 fi, See Note 6 

25 °C 

0.5$ 2 

1.6$ 5 

mV 

Full range 

3 

6.5 

Average temperature 
“VIO coefficient of input 
offset voltage 

Rg = 50 fl. See Note 6 

Full range 

3 10 

5 20 

#iV/°C 

l|0 Input offset current 

See Note 6 

25°C 

0.7$ 3 

1.8$ 5 

mA 

MIN 

2 7 

1 7.5 

MAX 

0.4 3 

0.5 5 

Average temperature 
a|IO coefficient of input 
offset current 

See Note 6 

MIN to 25 °C 

15 75 

24 100 

nA/°C 

25 °C to MAX 

5 25 

15 50 

l|B Input bias current 

V 0 = 0.5 V to 5 V 

MIN to 25 °C 

45 

40 

m a 

25 °C to MAX 

7$ 20 

16$ 25 

hl_(S) Low-level strobe current 

v (strobe) = 0.4 V 

Full range 

-1.7$ -3.2 

-1.7$ -3.2 

mA 

V|H(S) High-level strobe voltage 


Full range 

2.2 

2.2 

V 

V|L(S) Low-level strobe voltage 


Full range 

0.9 

0.9 

V 

Common-mode input 

V|CR 

voltage range 

V C C - = - 7 V to - 1 2 V 

Full range 

±5 

±5 

V 

Differential input 

V|n 

voltage range 


Full range 

±5 

±5 

V 

Large-signal differential 
voltage amplification 

No load, 

V 0 = 0.5 V to 5 V 

25 °C 

40$ 

40$ 

V/mV 

High-level 

Voh 

output voltage 

l 0 H = ~ 4 00 iiA 

V (D = 5 mV 

Full range 

2.5 5.5 


V 

V| D = 8 mV 

Full range 


2.5 5.5 

Low-level 

Vni 

output voltage 

Iql =100 mA 

V| D = -5 mV 

25 °C 

0.8$ 1.5 


v 

V| D = -7 mV 

25 °C 


0.8$ 2 

Iql = 50 mA 

V| D = -5 mV 

Full range 

1 


Vj D = - 8 mV 

Full range 


1 

Iql =16 mA 

V| D = - 5 mV 

Full range 

0.4 


V|d = -8 mV 

Full range 


0.4 

High-level 

lOH 

output current 

V 0 H = 8 V to 24 V 

V| D = 5 mV 

MIN to 25 °C 

0.02$ 1 


^A 

25 °C to MAX 

100 


V|d = 7 mV 

MIN to 25 °C 


0.02$ 2 

V| D = 8 mV 

25 °C to MAX 


100 

ICC + Supply current from Vcc + 

V|D = -5 mV, No load 

Full range 

6.6$ 10 

6.6$ 10 

mA 

ICC- Supply current from Vcc - 

No load 

Full range 

-1.9$ -3.6 

-1.9$ -3.6 

mA 


1 Unless otherwise noted, all characteristics are measured with both strobes open. 

* These typical values are at V cc + = 12 V, V cc _ = -6 V, T A = 25 °C. Full range (MIN to MAX) for LM 106 is -55 °C to 125°C; for LM206 is -25°C 
to 85 °C; and for LM306 is 0°C to 70 °C. 

NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vql> or up to the high 
range (Vqh)- Thus these parameters actually define an error band and take into account the worst-case effects of voltage gain and input impedance. 


switching characteristics, Vcc+ = 12 V, Vcc- = -6 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS t 

LM106, LM206 

LM306 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Response time, low-to-high-level output 

Rl = 390 fi to 5 V, Cl = 15 pF, See Note 7 

o 

00 

CM 

28 40 

ns 


NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1 .4 V. 
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Voltage Comparators 


TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS* 


INPUT OFFSET CURRENT 


VS 



-75 -50 -25 0 25 50 75 100 125 



T^— Free Air Temperature— °C 
FIGURE 1 


INPUT BIAS CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 
FIGURE 2 


HIGH-LEVEL OUTPUT VOLTAGE 


vs 

FREE-AIR TEMPERATURE 



LOW-LEVEL OUTPUT VOLTAGE 


> 

V 

o> 


o 

> 


I 

-J 

O 

> 


vs 


FREE-AIR TEMPERATURE 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 

-75 -50 -25 0 25 50 75 100 125 


Vcc+ = 12V 

VcC— = —3 V to —12 V 




v ID 

3 III V 

1 


1, 


- 





OL = 

— 

100 IT 

— 






iA 





1 

OL = 50 m A 







— 

— 






1 

OL = 

16 m/ 





- 

1 

— 

•OL = 

— 







0 







_ 

__ 







Ta~ F ree-Air Temperature— °C 


FIGURE 3 


FIGURE 4 


*Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS* 


VOLTAGE TRANSFER CHARACTERISTICS 
7 

6 


> 5 

I 


Q. 

J 2 

I 

O 

> 1 


0 

-1 

- 2-10 1 2 
V| D — Differential Input Voltage— mV 

FIGURE 5 


V C C+ = 12 

v C c- = - 

R, =o° 

V 

6 V 









, r 

■= 

= 




^ 

CLL 

=£= 






u 

ri 

H 



t a 

= o°c 



IS 

a 

r A = : 

?5°C 





IH 

smm 

t a = 

-55° 

P M _ 



1 1 

•Vt A = 125°C 



j 













LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 



-75 -55 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 


OUTPUT CURRENT 


vs 

DIFFERENTIAL INPUT VOLTAGE 



V|Q— Differential Input Voltage— mV 


FIGURE 6 



SHORT-CIRCUIT OUTPUT CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 


FIGURE 7 FIGURE 8 

*Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
NOTE 8: This parameter was measured using a single 5-ms pulse. 
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Voltage Comparators 


TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 



TYPICAL CHARACTERISTICS* 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 



0 20 40 60 80 100 


t— Time— ns 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 



0 20 40 60 80 100 


t-Time-ns 


FIGURE 9 


FIGURE 10 


SUPPLY CURRENT FROM Vcc+ 
vs 

SUPPLY VOLTAGE V cc+ 



v CC+ _Positive Supply Voltage-V 

FIGURE 11 


SUPPLY CURRENT FROM V<X- 
vs 

SUPPLY VOLTAGE VqC- 



Vcc—— Negative Supply Voltage-V 


FIGURE 12 


TOTAL POWER DISSIPATION 


vs 

FREE-AIR TEMPERATURE 



TA-Free-Air Temperature-°C 


FIGURE 13 

*Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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LINEAR 

INTEGRATED 

CIRCUITS 

• Fast Response Times 

• Strobe Capability 

• Designed to be Interchangeable with National 
Semiconductor LM111, LM211, and LM311 

• Maximum Input Bias Current . . . 300 nA 

• Maximum Input Offset Current . . . 70 nA 

• Can Operate From Single 5-V Supply 


description 


TYPES LM1 11, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

D1312, SEPTEMBER 1973-REVISED AUGUST 1983 


LM111, LM211. LM311 
J DUAL-IN-LLINE PACKAGE 
(TOP VIEW) 


NC C 
EMIT OUT C 
IN + C 
IN- C 
NC C 
V CC- C 
BALANCE C 


T7T 


H NC 
D NC 
U NC 
J V CC + 

U NC 

3 COL OUT 
3 BAL/STRB 


The LM1 1 1 , LM21 1 , and LM31 1 are single high-speed 
voltage comparators. These devices are designed to 
operate from a wide range of power supply voltage, 
including ± 1 5-volt supplies for operational amplifiers 
and 5-volt supplies for logic systems. The output 
levels are compatible with most TTL and MOS circuits. 
These comparators are capable of driving lamps or 
relays and switching voltages up to 50 volts at 
50 milliamperes. All inputs and outputs can be isolated 
from system ground. The outputs can drive loads 
referenced to ground, Vcc + or Vcc-- Offset 
balancing and strobe capability are available and the 
outputs can be wire-OR connected. If the strobe is 
low, the output will be in the off state regardless of 
the differential input. Although slower than the TL506 
and TL514, these devices are not as sensitive to 
spurious oscillations. 


LM111 . . . JG DUAL-IN-LIIME PACKAGE 
LM211, LM311 . . . D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


EMIT OUT C 
IN+ C 
IN- C 

Vcc- C 

TUT 

2 7 

3 6 

4 5 

H vcc + 

H COL OUT 

U BAL/STRB 
H BALANCE 

LM 1 1 1 ... U FLAT PACKAGE 

(TOP VIEW) 

EMIT OUT r 
!N+ £ 
IN - r 

Ncn 
vcc - □ 

•1 10 

2 9 

3 8 

4 7 

5 6 

3 v C c + 

J COL OUT 
J NC 

2 BAL/STRB 
J BALANCE 



The LM1 1 1 is characterized for operation over the full 
military range of -55°C to 125°C. The LM211 is 
characterized for operation from - 25 °C to 85 °C, and 
the LM31 1 is characterized for operation from 0°C 
to 70 °C. 

functional block diagram 



. FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 


O I o + o 

'“LU 1 1 — I L_J I — 1 1 — I 


NC ]<o 
VCC- ]o 
NC ]- 
BALANCE 

NC ]w 


A oi Ol vj 00 

jnoonn , 

Z 00 Z O Z 

o > o o n 

r; r- 

2 o 

d <= 


w[ NC 

k>[ EMIT OUT 
-[ NC 
oC V C C + 

®[ NC 


NC — No internal connection 
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Voltage Comparators 


TYPES LM111, LB/121 1, LB/1311 
DIFFERENTIAL COBAPARATORS WITH STROBES 


schematic 


B/S BAL 



El 

Resistor values shown are nominal and in ohms. 


Balance 

Bala nee /Strobe 
Collector Output 
Emitter Output 
Noninverting Input 
Inverting Input 
No Internal Connection 
Positive Supply Voltage 
Negative Supply Voltage 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



LM111 

LM211 

LM311 

UNIT 

Supply voltage, Vcc + (see Note 1 ) 

18 

18 

18 

V 

Supply voltage, VQC- ( see Note 1) 

-18 

-18 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

±30 

V 

Input voltage (either input, see Notes 1 and 3) 

±15 

±15 

±15 

V 

Voltage from emitter output to Vcc - 

30 

30 

30 

V 

Voltage from collector output to Vcc - 

50 

50 

40 

V 

Duration of output short-circuit (see Note 4) 

10 

10 

10 

s 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 

500 

500 

500 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6. mm (1/16 inch) from case for 10 seconds 

J, JG, FH, FK, or U package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

D or P package 


260 

260 

°C 


NOTES: 1. 


4. 

5. 


All voltage values, unless otherwise noted, are with respect to the midpoint between Vqq + and Vcc-- 
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or ± 1 5 volts, whichever is less. 

The output may be shorted to ground or either power supply. 

For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, LM1 1 1 chips are alloy 
mounted, LM211 and LM311 chips are glass mounted. 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless otherwise noted) 


a 


"^Unless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded. Full range 
for LM111 is - 55 °C to 125°C, for LM211 is -25°C to 85°C, and for LM311 is 0°C to 70°C. 

* All typical values are at = 25 °C. 

NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 1 V with 
a pull-up resistor of 7.5 kfl to Vqq + . Thus these parameters actually define an error band and take into account the worst-case effects of voltage 
gain and input impedance. 

7. The strobe should not be shorted to ground; it should be current driven at -3 to -5 mA, e.g., see Figures 13 and 27. 


switching characteristics, Vqq + = 15 V, VcC- = -15 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Response time, low-to-high-level output 

Rc = 500 fi to 5 V, C|_ = 5 pF, See Note 8 

115 

ns 

Response time, high-to-low-level output 

165 

ns 


NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1 .4 V. 
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PARAMETER 

TEST CONDITIONS* 

LM111, LM211 

LM311 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

V|0 Input offset voltage 

See Note 6 

25 °C 

0.7 3 

2 7.5 

mV 

Full range 

4 

10 

l|Q Input offset current 

See Note 6 

25 °C 

4 10 

6 50 

nA 

Full range 

20 

70 

l|B Input bias current 

V 0 = 1 V to 14 V 

25°C 

75 100 

100 250 

nA 

Full range 

150 

300 

Low-level 

l| L (S) strobe current 

(see Note 7) 

V(strobe) =0.3V, V, D 5 -10 mV 

25°C 

-3 

-3 

mA 

Common-mode 

V| C r input voltage 

range 


Full range 

13 13.8 

to to 

-14.5 -14.7 

13 13.8 

to to 

-14.5 -14.7 

V 

Large-signal differential 

AyD 

voltage amplification 

V 0 = 5 V to 35 V, R L = 1 kfl 

25°C 

40 200 

40 200 

V/mV 

High-level (collector) 

•oh 

output current 

•strobe = -3 mA, 

V| D = 5 mV, Vqh = 35 V 

25°C 

0.2 10 


nA 

Full range 

0.5 


aA 

V| D = 10 mV Vqh = 35 V 

25°C 


0.2 50 

nA 

Low-level (collector- 

Vql to-emitter) 

output voltage 

Iql = 50 mA 

V| D = -5 mV 

25 °C 

0.75 1.5 


V 

V| D = -10 mV 

25°C 


0.75 1.5 

V CC + = 4.5 V, 

v C c- = o, 

Iql = 8 mA 

V| D = -6 mV 

Full range 

0.23 0.4 


V| D = -10 mV 

Full range 


0.23 0.4 

Supply current from 

Iqc + 

Vqc + , output low 

V|q = -10 mV, No load 

25°C 

5.1 6 

5.1 7.5 

mA 

Supply current from 

ice — 

VqC-' output high 

V|q = 10 mV, No load 

25°C 

-4.1 -5 

-4.1 -5 

mA 
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Voltage Comparators 


TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT 


vs 



—60 —40 —20 0 20 40 60 80 100 120 140 


Ta— F ree-Air Temperature— °C 

FIGURE 1 


INPUT BIAS CURRENT 
vs 



-60-40-20 0 20 40 60 80 100 120 140 

Ta— F ree-Air Temperature— °C 

FIGURE 2 


VOLTAGE TRANSFER CHARACTERISTICS 



FIGURE 3 



COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 


TEST CIRCUIT FOR FIGURE 3 
V C C+=30 V 



EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 


*Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

NOTE 9: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals connected to Vqq + . 
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TYPES LM111, LM21 1, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR 



0 50 100 150 200 250 300 350 


FIGURE 4 


v CC+ = 15 v 5 V 



VcC- = -15V 


TEST CIRCUIT FOR FIGURES 4 AND 5 


OUTPUT RESPONSE FOR 



0 50 100 150 200 250 300 350 


FIGURE 5 


OUTPUT RESPONSE FOR 


OUTPUT RESPONSE FOR 



0 0.2 0.4 0.6 0.8 1.0 1. 

FIGURE 6 


V C C+= 15 V 



-v 0 



TEST CIRCUIT FOR FIGURES 6 AND 7 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 
t-Time— /is 

FIGURE 7 


OUTPUT CURRENT and DISSIPATION 


SUPPLY CURRENT FROM V C C+ 


SUPPLY CURRENT FROM VcC- 



Vo-Output Voltage— V 

FIGURE 8 


500 £ 

.3. 

400 | 

300 | 

o 

200 O 



Vcc+- p °s't' ve Supply Voltage-V 

FIGURE 9 



-5 


-10 


VcC-~Negative Supply Voltage-V 

FIGURE 10 
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Voltage Comparators 


TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


Vcc+ V CC+ 




I 

I 



Vcc+ 



FIGURE 13— STROBING 


FIGURE 14-ZERO-CROSSING DETECTOR 


+5 V 



^Resistor values shown are for a 0-to-30-V logic swing and a 
15-V threshold. 

t May be added to control speed and reduce susceptibility to 
noise spikes. 

FIGURE 15-TTL INTERFACE WITH HIGH-LEVEL LOGIC 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


+5 V 



MAGNETIC 

TRANSDUCER 


FIGURE 16-DETECTOR FOR MAGNETIC TRANSDUCER 


V CC+ 



FIGURE 17— 100-kHz CRYSTAL OSCILLATOR 


V CC+ 



FROM D/A NETWORK 


ANALOG 

INPUT 



FIGURE 18-COMPARATOR AND SOLENOID DRIVER 


Vcc+ 



Typical input current is 50 pA with inputs strobed off. 

FIGURE 19— STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 

V C C+=5V 



FIGURE 21 -ZERO-CROSSING 
DETECTOR DRIVING MOS LOGIC 
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Voltage Comparators 


TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


V CC -=5V 



t Adjust to set clamp level. 

FIGURE 22-PRECISION SQUARER 



FIGURE 23-DIGITAL TRANSMISSION ISOLATOR 


V C C+= 15 V 



FIGURE 24-POSITIVE-PEAK DETECTOR 


4-22 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 




TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


V cc+ = 15 V 



FIGURE 25-NEGATIVE-PEAK DETECTOR 


V CC +=5V 



+R1 sets the comparison level. At comparison, the photo- 
diode has less than 5 mV across it decreasing dark current 
by an order of magnitude. 

FIGURE 26-PRECISION PHOTODIODE COMPARATOR 


Vcc+ 



tTransient voltage and inductive kickback protection 

FIGURE 27-RELAY DRIVER WITH STROBE 
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Voltage Comparators 


TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 






LINEAR 

INTEGRATED 

CIRCUITS 


• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage . . 2 to 36 V 

• Low Supply Current Drain Independent of 

Supply Voltage 0.8 mA Typ 

• Low Input Bias Current 25 nA Typ 

• Low Input Offset Current 3 nA Typ 

(LM139) 


• Low Input Offset Voltage 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 36 V 

• Low Output Saturation Voltage 

• Output Compatible with TTL, MOS, and 
CMOS 


description 

These devices consist of four independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 
36 volts and pin 3 is at least 1 .5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 


TYPES LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 

D1979, OCTOBER 1979- REVISED AUGUST 1983 


D, J. OR N DUAL-IIM-LINE PACKAGE 
(TOP VIEW) 

Ul4g OUT COMP 3 
13 D OUT COMP 4 
12 U GND 
11 H IN+ ) COMP 
10 H IN- ) #4 

9 U IN+ ) COMP 
8U IN- f #3 


OUT COMP 1 AT 
OUT COMP 2Q 2 

VcC C 3 

COMP i IN - O 
#2 ( IN+ O 

COMP | IN - C 6 
#1 \ IN+ O 


LM139, LM139A 

FH, OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 


I- I- I- H 

D Z> D D 

O O (j O O 

CM r- Z CO 


Vec H 4 

NC ] 5 
2 IN- ]6 
NC ] 7 
2 IN + ] 8 


3 2 1 20 19 


9 10 11 12 13 
^.□nnnj 

+ y 


18 [ GND 
17 [ NC 
16 [ 4 IN + 
15[ NC 
14 [ 4 IN- 


l 


l + 


r- CO CO 



NC — No internal connection 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 


OUTPUT 
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Voltage Comparators 


TYPES LM139, LM239. LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note D 36 V 

Differential input voltage (see Note 2) ±36 V 

Input voltage range (either input) -0.3 V to 36 V 

Output voltage 36 V 

Output current 20 mA 

Duration of output short-circuit to ground (see Note 3) . . unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4): 

D, FH, FK, or J package 900 mW 

J package 875 mW 

Operating free-air temperature range: LM139, LM139A -55°Cto125°C 

LM239, LM239A -25°Cto85°C 

LM339, LM339A 0°C to 70°C 

LM2901 -40°C to 85°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or J package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to VqC can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, LM139 and LM139A chips 
are alloy-mounted; LM239, LM239A, LM339, LM339A, and LM2901 chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS f 

LM139 

LM139A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|0 Input offset voltage 

Vcc = 5 V to 30 V, 

V IC = V |CR min, Vq = 1.4 V 

25 °C 

2 5 

1 2 

mV 

- 55 °C to 125°C 

9 

4 

1)0 Input offset current 

V 0 = 1.4 V 

25 °C 

3 25 

3 25 

nA 

- 55 °C to 1 25 °C 

100 

100 

l|B Input bias current 

V 0 = 1 .4 V 

25 °C 

-25 -100 

-25 -100 

nA 

- 55 °C to 125°C 

-300 

-300 

Common-mode 

V| C R 

input voltage range 


25 °C 

0 to 

V C C -1.5 

0 to 

Vcc- 1-5 

V 

- 55 °C to 125°C 

0 to 

Vcc -2 

0 to 

Vcc “2 

Large-signal differential 

Avd 

voltage amplification 

V CC = 15 V, V 0 = 1.4 V to 11.4 V, 
R|_ > 1 5 kO to Vcc 

25 °C 

200 

50 200 

V/mV 

'OH High-level output current 

V|D = 1 V 

V 0H = 5 V 

25 °C 

0.1 

0.1 

nA 

V 0H = 30 V 

- 55 °C to 125°C 

1 

1 

mA 

Vql Low-level output voltage 

V| D = “1 V, l 0L = 4 mA 

25 °C 

1 50 400 

1 50 400 

mV 

-55°C to 125°C 

700 

700 

IqL Low-level output current 

V| D = "I V, V 0L = 1.5 V 

25 °C 

6 16 

6 16 


Supply current 

'cc 

(four comparators) 

Vq = 2.5 V, No load 

25°C 

0.8 2 

0.8 2 



^ All characteristics are measured with zero common-mode input voltage unless otherwise specified. 


switching characteristics, Vcc = 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS ] 



Response time 

R|_ connected to 5 V through 5.1 kfl, 

Cl = 1 5 pF, § See Note 5 

100-mV input step with 5-mV overdrive 

1.3 


TTL-levei input step 

0.3 


$Cl includes probe and jig capacitance. 

f.'OTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 


fO 

vl 


Voltage Comparators 



TYPES LM139, LM139A 
QUADRUPLE DIFFERENTIAL COMPARATORS 
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electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

LM239, LM339 

LM239A, LM339A, 

LM2901 

m 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

V CC = 5 V to 30 V, 

V|C = V| C R min, Vg = 1.4 V 

25 °C 

2 5 

1 2 

2 7 

Q 

Full range 

9 

4 

15 

l|0 Input offset current 

V 0 = 1.4 V 

25 °C 

5 50 

5 50 

5 50 

nA 

Full range 

150 

150 

200 

I|B Input bias current 

V 0 = 1 .4 V 

25 °C 

-25 -250 

-25 -250 

-25 -250 

nA 

Full range 

-400 

-400 

-500 

Common-mode 

V|CR 

input voltage range 


25 °C 

0 to 

V C C- 1-5 

" 0 to 

V CC - 1.5 

0 to 

V CC -1-5 

V 

Full range 

0 to 

Vcc “2 

0 to 

V CC -2 

0 to 

Vcc -2 

Large-signal 

Avd differential voltage 
amplification 

V CC * 15 V, 

Vq = 1.4 V to 11.4 V, 

Rj_ > 1 5 kQ to Vcc 

25°C 

200 

50 200 

25 100 

V/mV 

High-level 

•oh 

output current 

V| D = 1 V 

V 0H = 5 V 

25°C 

0.1 

0.1 

0.1 

nA 

V 0H = 30 V 

Full range 

1 

1 

1 

aA 

Low-level 

v OL 

output voltage 

V| D = -1 V, l 0L = 4 mA 

25°C 

1 50 400 

150 400 

1 50 500 

mV 

Full range 

700 

700 

700 

Low-level 

'OL 

output current 

V, D = -1 V, V 0L = 1-5V 

25°C 

6 16 

6 16 

6 16 

mA 

Supply current 

•cc 

(four comparators) 

V 0 = 2.5 V, No load 

25 °C 

CM 

00 

6 

0.8 2 

0.8 2 

mA 

Vcc = 30 V, Vq = 1 5 V, No load 



1 2.5 


t Full range (MIN to MAX) for LM239 and LM239A is -25°C to 85 °C, for LM339 and LM339A is 0°C to 70 °C, and for LM2901 is -40°C to 85 °C. All characteristics are measured 
with zero common-mode input voltage unless otherwise specified. 


switching characteristics, Vcc = 5 V, Ty\ = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Response time 

R|_ connected to 5 V through 5.1 kfl, 

C[_ = 1 5 pF, § See Note 5 

1 00-mV input step with 5-mV overdrive 

1.3 

A S 

TTL-level input step 

0.3 


§Cl includes probe and jig capacitance. 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 


TYPES LM239, LM339, LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 







LINEAR 

INTEGRATED 

CIRCUITS 


TYPES LM193, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 

D2232, JUNE 1976-REVISED AUGUST 1983 


• Single Supply or Dual Supplies 

• Wide Range of Supply 

Voltage 2 to 36 Volts 

• Low Supply Current Drain Independent of 

Supply Voltage 0.5 mA Typ 


D, JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


COMP #1 


{ 


OUT 

IN- 

IN* 

GND 


1 U 8 

2 7 

3 6 

4 5 


} 


COMP #2 


• Low Input Bias Current 25 nA Typ 


• Low Input Offset Current 3 nA Typ 

(LM193) 

• Low Input Offset Voltage 2 mV Typ 


• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 36 V 

• Low Output Saturation Voltage 

• Output Compatible with TTL, MOS, and 
CMOS 

description 

These devices consist of two independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 


LM193 

FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 


I- 

2 o 

<J ° <J o o 
Z r- Z > Z 



NC 

2 OUT 
NC 

2 IN- 
NC 


NC— No internal connection 



36 volts and pin 8 is at least 1 .5 volts more positive 
than the input common-mode voltage. Current drain 


is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 
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Voltage Comparators 


TYPES LMI93, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 



Current values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note D 36 V 

Differential input voltage (see Note 2) ± 36 V 

Input voltage range (either input) -0.3 V to 36 V 

Output voltage 36 V 

Output current 20 mA 

Duration of output short-circuit to ground (see Note 3 unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4): 

D or P package 725 mW 

JG package (glass-mounted chip) 825 mW 

FH, FK, or JG (alloy mounted chip) package 900 mW 

Operating free-air temperature range: LM193 -55°C to 125°C 

LM293, LM293A -25°C to 85°C 

LM393, LM393A 0°C to 70°C 

LM2903 -40°C to 85 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vqc can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, LM193 chips are alloy-mounted; 
LM293, LM293A, LM393, LM393A, and LM2903 chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 


CO 


PARAMETER 

TEST CONDITIONS 1 ^ 

LM193 

LM293, LM393 

LM293A, LM393A 

LM2903 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

Vcc = 5 V to 30 V, 

V IC = V|CR< 

Vq = 1.4 V 

25°C 

2 5 

2 5 

1 2 

2 7 

mV 

Full range 

9 

9 

4 

15 

l |0 Input offset current 

Vq = 1.4 V 

25 °C 

3 25 

5 50 

5 50 

5 50 

nA 

Full range 

100 

150 

150 

200 

l|B Input bias current 

V 0 = 1.4 V 

25 °C 

Full range 

25 100 

300 

25 250 

400 

25 250 

400 

25 250 

500 

nA 

., Common-mode input 

V ICR . 

voltage range 1 


25°C 

< 

o 

O o 

0 to 

vcc- 1 - 5 

< 

o o 

0 to 

Vcc' 1 - 5 

V 

Full range 

0 to 

V C C " 2 

0 to 

Vcc -2 

0 to 

VcC “2 

0 to 

V CC -2 

Large-signal 

A\/q differential voltage 

amplification 

V CC = 15 V, 

V 0 = 1.4 V to 11.4 V, 

R|_ > 1 5 kfl to Vqc 

25 °C 

50 200 

200 

50 200 

25 100 

V/mV 

High-level 

>OH + + 

output current 

v OH = 5 V, V| D = 1 V 

25 °C 

0.1 

0.1 

0.1 

0.1 

nA 

V 0H = 30 V, V| D = 1 V 

Full range 

1 

1 

1 

1 

mA 

Low-level 

V OL 

output voltage 

l 0L = 4 mA, V !D = 1 V 

25 °C 

1 50 400 

1 50 400 

1 50 400 

1 50 400 

mV 

Full range 

700 

700 

700 

700 

Low-level 

*OL 

output current 

V 0L = 1-5 V, V|q = 1 V 

25 °C 

6 

6 

6 

6 

mA 

Icq Supply current 


Vcc = 5 V, 

V 0 = 2.5 V 

25 °C 

0.8 1 

0.8 1 

0.8 1 

0.8 1 

mA 

H|_ o° 

V CC = 30 V, 

Vq = 15 V 

Full range 

2.5 

2.5 

2.5 

2.5 


f Full range (MIN to MAX) for LM193 is -55°C to 125°C, for the LM293 and LM293A is -25°C to 85°C, for the LM393 and LM393A is 0°C to 70°C, and for LM2903 is -40°C to 85°C. 

All characteristics are measured with zero common-mode input voltage unless otherwise specified. 

* The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the common-mode voltage range is Vcc + - 1 -5 V, but either or 
both inputs can go to 30 V without damage. 


switching characteristics, Vcc = 5 V, T/v = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Response time 

Rl connected to 5 V through 5.1 k (1, 

C L = 15pF § , See Note 5 

100-mV input step with 5-mV overdrive 

1.3 

ns 

TTL-level input step 

0.3 


§C|_ includes probe and jig capacitance. 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1 .4 V. 
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Voltage Comparators 


TYPES LM193, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 




Voltage Comparators 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Can Operate from Single 5-V Supply 

• Fast Response Time . . . 80 ns Typ with 
Vcc = ±15 V 

• Low Input Bias Current Over Temperature 
Range 


• Inputs and Outputs Can Be Isolated from 
System Ground 


• High Common-Mode Slew Rate 


• Outputs Compatible with TTL Circuits 


TYPES LM219, LM319 
DUAL DIFFERENTIAL COMPARATORS 

D2802, OCTOBER 1983 


J OR N DUAL-IN-LINE PACKKAGE 
(TOP VIEW) 


ncCJTTTh] 


NCC 2 
#1 GNDC 3 
#1 IN + C 4 
#1 IN - Z 5 
VCC - O 
#2 OUTC7 


Dnc 

Dnc 

H #1 OUT 

H v cc + 

U #2 IN- 
D #2 IN + 
8U #2 GND 


NC — No internal connection 


description 


The LM219 and LM319 each consists of two 
high-speed precision comparators that operate 
over a wide range of supply voltages. These 
comparators are fully specified for power 
supplies up to ±15 volts, but are specifically 
designed to operate from a single 5-volt digital 
logic supply. Due to the uncommitted collector 
at the outputs, the LM219 and LM319 are 
compatible with TTL circuits. These comparators 
are also well-suited for driving lamps and relays 
at currents up to 25 milliamperes. The LM219 
series features faster response times but greater 
power dissipation than the LM1 1 1 series. 

The LM219 is characterized for operation over 
the temperature range of -25°C to 85 °C; the 
LM319 is characterized for operation over the 
temperature range of 0°C to 70 °C. 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 



OUTPUT 


absolute maximum ratings over free-air temperature range (unless otherwise noted) 



Supply voltage, Vcc + t0 VcC- 36 V 

Supply voltage, Vqc + ( see Note D 18 V 

Supply voltage, Vcc- (see Note 1) -25 V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (either input, see Note 3) ± 1 5 V 

Voltage from output to Vcc - 36 V 

Duration of output short-circuit (see Note 4) 10 s 

Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) . . . 500 mW 

Operating free-air temperature range: LM219 -25°C to 85 °C 

LM319 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the appropriate comparator ground terminal unless otherwise specified. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or to either power supply. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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Voltage Comparators 


TYPES LM219, LM319 

DUAL DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, Vqc ± = ± 1 5 V (unless otherwise noted) 


D 


f Full range is -25°C to 85 °C for the LM219 and 0°C to 70 °C for the LM319. 

1 These typical values are at worst-case temperature. 

NOTE 6: Both the offset voltages and the offset currents are the maximum values needed to drive the output to within 1 volt of either supply with a 1-mA 
load. These parameters define an error band that includes the worst-case effects of voltage amplification and input impedance. 


switching characteristics, Vcc = - 1 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

LM219 

LM319 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Response time 

See Note 7 

80 

80 

ns 


NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1.4 V. 


PARAMETER 

TEST CONDITIONS f 

LM219 

LM319 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

See Note 6 

25 °C 

0.7 4 

2 8 

mV 

Full range 

7 

10 

l|0 Input offset current 

See Note 6 

25°C 

30 75 

80 200 

nA 

Full range 

100 

300 

l|3 Input bias current 


25 °C 

1 50 500 

250 1000 

nA 

Full range 

1000 

1200 

Common-mode input 

V| C R 

voltage range 

V CC + = 5 V, V CC _ = 0 

Full range 

±12 ±13 

±13 

V 

Full range 

1 

to 

3 

1 

to 

3 

Large-signal differential 

A\/D 

voltage amplification 

V 0 = 1 V to 4 V, 

V CC+ = 5 V - V CC- = o, 

R l = 2 kQ 

25°C 

10 40 

8 40 

V/mV 

Low-level 

v OL 

output voltage 

IqL = 25 mA 

. 

V| D = -5 mV 

25 °C 

0.75 1.5 


V 

V| D = -10 mV 

25 °C 


0.75 1.5 

V CC+ = 4.5 V, 

V CC- = 

Iql = 3.2 mA 

V|d = ~0 mV 

0°C to 85 °C 

0.231 0.4 


V|0 = — 1 0 mV 

0°C to 70 °C 


0.3* 0.4 

V| D = -6 mV 

- 25°C to 0°C 

0.6 


High-level 

•oh 

output current 

Vcc + = 15 V, 

V CC- = °- 
V 0H = 35 V 

V| D = 5 mV 

25°C 

0.2 2 


aA 

V| D = 10 mV 

25 °C 


0.2 10 

V| D = 7 mV 

-25°C to 85 °C 

1* 10 


•CC + Positive supply current 

V CC+ =5V, V CC - * 0 

25°C 

4.3 

4.3 

mA 


25 °C 

8 11.5 

8 12.5 

•CC- Negative supply current 


25°C 

-3 -4.5 

-3 -5 

mA 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage . . . 
2 to 28 Volts 


• Low Supply Current Drain Independent of 
Supply Voltage . . . 0.8 mA Typ 

• Low Input Bias Current ... 25 nA Typ 

• Low Input Offset Current ... 3 nA Typ 

• Low Input Offset Voltage ... 3 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 28 V 

• Low Output Saturation Voltage 

• Output Compatible with TTL, MOS, and 
CMOS 


description 

This device consists of four independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 
28 volts and pin 3 is at least 1 .5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 


TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

D2402, OCTOBER 1977-REVISED AUGUST 1983 


D, J, OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

07*1 

13 


OUT COMP 1 £ i 
OUT COMP 2[ 2 
VCC C 3 


COMP 2 


COMP 1 


/IN- O 
\IN+ C5 
^/IN- p 6 


,IN+ M7 shlN 


2 OUT COMP 3 
J OUT COMP 4 
2 GND 

^ ,N ^COMP 4 
COMP 3 


□ IN- 

9piN+^ 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 


INVERTING 


~ING 

— A/' 



schematic (each comparator) 

v cc 
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Voltage Comparators 


TYPE LM3302 

QUADRUPLE DIFFERENTIAL COMPARATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note D 28 V 

Differential input voltage (see Note 2) ± 28 V 

Input voltage range (either input) . . —0.3 V to 28 V 

Output voltage 28 V 

Output current 20 mA 

Duration of output short-circuit to ground (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 500 mW 

Operating free-air temperature range -40°C to 85 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, LM3302 chips are glass-mounted. 


electrical characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 

D 


^All characteristics are measured with zero common-mode input voltage unless otherwise specified. 

switching characteristics, Vcc = 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Response time 

R L = 5.1 kfl to 5 V, 

C|_ = 15 pF*, See Note 5 

1 00-mV input step with 5 mV overdrive 

1.3 

/IS 

TTL-level input step 

0.3 


*C|_ includes probe and jig capacitance. 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1 .4 V. 


PARAMETER 

TEST CONDITIONS 1 

MIN TYP MAX 

UNIT 

V|q Input offset voltage 

Vcc = 5 V to 28 V, 

V IC = V ICR min ' 

Vq = 1.4 V 

O 

in 

eg 

3 20 

mV 

-40°C to 85 °C 

40 

l|0 Input offset current 

Vq = 1.4 V 

25°C 

3 100 

nA 

-40°C to 85 °C 

300 

l|B Input bias current 


25 °C 

-25 -500 

nA 

-40°C to 85 °C 

-1000 

Common-mode input 

V|cr 

voltage range 


25°C 

0 to 

V C C “1-5 

V 

— 40°C to 85 °C 

0 to 

v cc~ 2 

Large-signal differential 
voltage amplification 

V C C = 15 V, 

Vq = 1.4 V to 1 1.4 V, 

R|_ = 1 5 kfi to Vcc 

o 

in 

CM 

2 30 

V/mV 

•OH High-level output current 

V| D = 1 V, V 0H = 5 V 

25°C 

0.1 

nA 

— 40°C to 85 °C 

1 

/iA 

Vql Low-level output voltage 

V|d = -1 V, Iol = 4mA 

25°C 

1 50 500 

mV 

— 40°C to 85 °C 

700 

Iql Low-level output current 

V|D = 1 V, V 0 L = 1.5 V 

25 °C 

6 16 

mA 

Supply current 

ice 

(four comparators) 

V 0 = 2.5 V, No load 

O 

m 

CM 

0.8 2 

mA 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage ... 2 to 
36 Volts 


• Low Supply Current Drain Independent of 
Supply Voltage . . . 0.8 mA Typ 


• Low Input Bias Current ... 25 nA Typ 

• Low Input Offset Current ... 3 nA Typ 
(TL331M) 


• Low Input Offset Voltage ... 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 


• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 36 V 

• Low Output Saturation Voltage 

• Output Compatible with TTL, MOS, and 
CMOS 


TYPES TL331M, TL331I, TL331C 
DIFFERENTIAL COMPARATORS 

D2344, APRIL 1977-REVISED AUGUST 1983 


D, JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1 U 8 

2 7 

3 6 

4 5 


NC— No internal connection 


description 


The TL331 is a voltage comparator that is designed to operate from a single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to 36 volts 
and pin 7 is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent of 
the supply voltage. 



The TL331M is characterized for operation over the full military temperature range of -55°C to 1 25 °C. The TL331I 
is characterized for operation from — 25°C to 85°C. The TL331C is characterized for operation from 0°C to 70°C. 


schematic 



Current values shown are nominal. 
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Voltage Comparators 


TYPES TL331M, TL331I, TL331C 
DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 36 V 

Differential input voltage (see Note 2) ±36 V 

Input voltage range (either input) -0.3 V to 36 V 

Output voltage 36 V 

Output current 20 mA 

’Duration of output short-circuit to ground (see Note 3) unlimited 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 680 mW 

Operating free-air temperature range: TL331M -55°C to 125°C 

TL331I -25°C to 85 °C 

TL331C 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL331 M chips are alloy-mounted; 
TL331I and TL331C chips are glass-mounted. 


electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 


PARAMETER 

V|o Input offset voltage 

l|0 Input offset current 

l|B Input bias current 

Common-mode input 

V|CR 

voltage range 

Large-signal differential 
voltage amplification 

High-level 

•oh 

output current 
Low-level 

Vol 

output voltage 

Low-level 

•OL 

output current 

•CC Supply current 


TEST CONDITIONS t 

V CC = 5 V to 30 V, 25 °C 

V|C = V ICR m ' n ' Vo = 1 .4 V Full range 
25 °C 

V 0 = 1.4 V — 

Full range 

25 °C 

Full range 


V C c = 5 V to 30 V 

V C C = 1 5 V, 

Vq = 1.4 V to 11.4 V, 

R|_ = 1 5 kO to Vcc 

- i v I "oh - sv 


25°C 
Full range 


V, D = 1 V 
V| D = -1 V, 

V| D = -1 V, 
V 0 = 2.5 V, 


Vqh = 30 V Full range 

"T " I 25°C 

Ini = 4 mA 

Full range 

Vql = 1.5V 25 °C 
No load 25°C 


TL331M, TL331I 

TL331C 

MIN TYP MAX 

MIN TYP MAX 

2 5 

2 5 

9 

9 

3 25 

5 50 

100 

150 

-25 -100 

-25 -250 

-300 

-400 

0 to 

0 to 

V C C -1.5 

V C C- 1-5 

0 to 

0 to 

< 

o 

o 

1 

CM 

o 

o 

> 

200 

200 

0.1 

0.1 

1 

1 

1 50 400 

1 50 400 

700 

700 

6 

6 

0.5 0.8 

0.5 0.8 


f Full range (MIN to MAX) for TL331M is -55°C to 125°C, for the TL311I is -25°C to 85 °C, and for the TL331C is 0°C to 70°C. All characteristics 
are measured with zero common-mode input voltage unless otherwise specified. 


switching characteristics, Vcc = 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Rpcnnnco timp 

Rl connected to 5 V through 5.1 kfi, 100-mV input step with 5-mV overdrive 

1.3 


ncojjui ioc ill nt; 

C|_ = 15 pF,* See Note 5 TTL-level input step 

0.3 

ns 


*C|_ includes probe and jig capacitance. 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1 .4 V. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


• Each Comparator Identical to LM106 or 
LM306 with Common Vcc + » V CC-' and 
Ground Connections 

• Improved Gain and Accuracy 

• Fan-Out to 10 Series 54/74 TTL Loads 

• Strobe Capability 

• Short-Circuit and Surge Protection 

• Fast Response Times 


D1208, MARCH 1971 -REVISED AUGUST 1983 

TL506M . . . J OR W PACKAGE 
TL506C . . . J OR N PACKAGE 
(TOP VIEW) 


# 1 STRB A C 

7T 

J 14 

2 # 1 STRB B 

#1 IN- C 

2 

13 

J GND 

#1 IN 4- C 

3 

12 

2 #1 out 

Vec- C 

4 

11 

2 v C c + 

#2 IN + C 

5 

10 

2 #2 OUT 

#2 IN- C 

6 

9 

2 NC 

#2 STRB A C 

7 

8 

2 #2 STRB B 


NC — No internal connection 


description 

The TL506 is a dual high-speed comparator, with each 
half having differential inputs, a low-impedance output 
with high-sink-current capability (100 mA), and two 
strobe inputs. This device detects low-level analog or 
digital signals and can drive digital logic or lamps and 
relays directly. Short-circuit protection and surge- 
current limiting is provided. 

The circuit is similar to a TL810 with gated output. 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage. The circuit will operate with 
any negative supply voltage between -3 V and 
- 1 2 V with little difference in performance. 

The TL506M is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C; 
the TL506C is characterized for operation from 0°C 
to 70 °C. 


functional block diagram (each comparator) 
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Voltage Comparators 



Voltage Comparators 


TYPES TL506M, TL506C 

DUAL DIFFERENTIAL COMPARATORS WITH STROBES 



absolute maximum ratings over operating free-air temperature range (unless othewise noted) 


Supply voltage V(x + (see Note 1) 15V 

Supply voltage VqC - ( see Note 1 ) - 1 5 V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (any input, see Notes 1 and 3) ±7 V 

Strobe voltage range (see Note 1 ) 0 V to Vqc + 

Output voltage (see Note 1 ) 24 V 

Voltage from output to Vcc - 30 V 

Duration of output short-circuit (see Note 4) 10 s 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5): 

J package (TL506MJ) 1375 mW 

J package (TL506CJ) 1025 mW 

N package 875 mW 

W package 1000 mW 

Operating free-air temperature range: TL506M -55°C to 125°C 

TL506C 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or W package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 


NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vqq_, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 V, whichever is less. 

4. One output at a time may be shorted to ground or either power supply. 

5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TL506M chips are alloy mounted; 
TL506C chips are glass mounted. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc + = 12 V, VcC- = -3 V to -12 V 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TL506M 

TL506C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|o Input offset voltage 

See Note 6 

25 °C 

0.5* 2 

1.6* 5 

mV 

Full range 

3 

6.5 

Average temperature 
a VIO coefficient of 

input offset voltage 

See Note 6 

Full range 

3 10 

5 20 

fiV/°C 

1 1 o Input offset current 

See Note 6 

25 °C 

0.7* 3 

1.8* 5 

#*A 

MIN 

2 7 

1 7.5 

MAX 

0.4 3 

0.5 

Average temperature 
a |IO coefficient of input 

offset current 

See Note 6 

MIN to 25 °C 

15 75 

24 100 

nA/°C 

25 °C to MAX 

5 25 

15 50 

l|B Input bias current 

V 0 = 0.5 V to 5 V 

25 °C 

7* 20 

16* 25 

aA 

Full range 

45 

40 

l| L (S) Low-level strobe current 

v (strobe) = oA v 

Full range 

-1.7* -3.3 

-1.7* -3.3 

mA 

V|H(S) High-level strobe voltage 


Full range 

2.5 

2.5 

V 

V|L(S) Low-level strobe voltage 


Full range 

0.9 

0.9 

V 

Common-mode input 

V ICR 

voltage range 

Vcc - = -7 V to -12V 

Full range 

±5 

±5 

V 

Differential input 

V ID . 

voltage range 


Full range 

±5 

±5 

V 

Large-signal differential 

a VD 

voltage amplification 

No load, 

V 0 = 0.5 V to 5 V 

25 °C 

40 000* 

40 000* 


Vqh High-level output voltage 

V|q = 5 mV, Iqh = -400 /jA 

Full range 

2.5 5.5 

2.5 5.5 

V 

Vq|_ Low-level output voltage 

V| D = -5 mV, l 0L = 100 mA 

25 °C 

0.8* 1.5 

0.8* 2 

V 

V|d = -5 mV, Iql = 50 mA 

Full range 

1 

1 

V| D = -5 mV, l 0L = 16 mA 

Full range 

0.4 

0.4 

Iqh High-level output current 

V| D = 5 mV, 

Vqh = 8 V to 24 V 

25 °C 

0.02* 1 

0.02* 2 

HA 

Full range 

100 

100 

ICC+ Supply current from Vqq + 

V|d = -5 mV, See Note 7 

Full range 

13.9* 20 

13.9* 20 

mA 

ICC - Supply current from Vcc - 

See Note 7 

Full range 

3.2* 7.2 

3.2* 7.2 

mA 


^Unless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) forTL506M is -55°C to 125°C and for the TL506C 
is 0°C to 70 °C. 

*These typical values are at Vcc + = 12 V, Vcc- = -6 V, T^ = 25 °C. 

NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vqi_) or up to the 
high range (Vqh)- Thus these parameters actually define an error band and take into account the worst-case effects of voltage gain and input 
impedance. 

7. Power supply currents are measured with the respective noninverting inputs and inverting inputs of both comparators connected in parallel. The 
outputs are open. 


switching characteristics, Vcc+ = 12 V, VcC- = -6 V, T/v = 25 °C 


PARAMETER 

TEST CONDITIONS* 

TL506M 

TL506C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Response time, low-to-high-level output 

R L = 390 2 to 5 V, 

C L = 15 pF, 

See Note 8 

28 40 

28 

ns 


NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1.4 V. 
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Voltage Comparators 


TYPES TL506M, TL506C 

DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS? 



INPUT OFFSET CURRENT 

VS 



-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 
FIGURE 1 


INPUT BIAS CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 
FIGURE 2 


HIGH-LEVEL OUTPUT VOLTAGE 


vs 

FREE-AIR TEMPERATURE 



LOW-LEVEL OUTPUT VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


FIGURE 3 


FIGURE 4 


§Data for temperatures below 0°C and above 70 °C is applicable to TL506M circuits only. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS§ 


VOLTAGE TRANSFER CHARACTERISTICS 


> 

3 

a 

3 

0 

1 

o 

> 



-1 0 1 
V|D — Differential Input Voltage— mV 
FIGURE 5 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 



OUTPUT CURRENT 
vs 



-4 - 3 - 2-10 1 2 

V|D— Differential Input Voltage— mV 
FIGURE 6 


SHORT-CIRCUIT OUTPUT CURRENT 
vs 




_75 -50 -25 0 25 50 75 100 125 

Ta — F ree-Air Temperature— °C 
FIGURE 7 

§Data for temperatures below 0°C and above 70 °C is applicable to TL506M circuits only. 
NOTE 9: This parameter was measured using a single 5-ms pulse. 


-75 -50 -25 0 25 50 75 100 125 

T/\— Free-Air Temperature— °C 
FIGURE 8 
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Voltage Comparators 


TYPES TL506M, TL506C 

DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS! 


OUTPUT RESPONSE FOR 



0 20 40 60 80 100 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 



0 20 40 60 80 100 


t— Time— ns 

FIGURE 9 


t— Time— ns 
FIGURE 10 


SUPPLY CURRENT FROM Vcc+ 



10 11 12 13 14 15 16 17 

v CC+ —Po *' t ' ve Supply Voltage-V 


SUPPLY CURRENT FROM VcC- 
SUPPLY VOLTAGE VcC- 



VcC— —Negative Supply Voltage- V 

FIGURE 12 


TOTAL POWER DISSIPATION 
FREE-AIR TEMPERATURE 



— — 


— _ 


V| 

D= -5 

mV 







■=1 

— 









_ 






























V 

r ID = • 

5 mV 









Vcc+= 12 V 
Vcc- = -6 V 

r L=o° 












-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature-°C 

FIGURE 13 


§Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only. 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Low Offset Characteristics 

• High Differential Voltage Amplification 

• Fast Response Times 

• Output Compatible with Most TTL Circuits 


description 


TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


D991 , MARCH 1971 -REVISED NOVEMBER 1983 


JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

GND 
IN + 

IN- 
V CC- 


ror 

2 7 

3 6 

4 5 


H v cc + 

3 OUT , 
USTRB 

Unc 


The TL510 monolithic high-speed voltage 
comparator is an improved version of the TL7 1 0 
with an extra stage added to increase voltage 
amplification and accuracy, and a strobe input 
for greater flexibility. Typical voltage 
amplification is 33,000. Since the ouput cannot 
be more positive than the strobe, a low-level 
input at the strobe will cause the output to go 
low regardless of the differential input. 
Component matching, inherent in integrated 
circuit fabrication techniques, produces a 
comparator with low-drift and low-offset 
characteristics. These circuits are particularly 
useful for applications requiring an amplitude 
discriminator, memory sense amplifier, or a high- 
speed limit detector. 

The TL51 OM is characterized for operation over 
the full military temperature range of - 55 °C to 
125°C; the TL510C is characterized for 
operation from 0°C to 70 °C. 


functional block diagram (positive logic) 


STROBE 


( 10 ) 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 



TL510M . . . U FLAT PACKAGE 
(TOP VIEW) 


gndC 

IN + C 
IN - C 
NCC 

vcc- E 


|#1 10 

2 9 

3 8 

4 7 

5 6 


Unc 

Dnc 

D vcc + 

Dstrb 

3 OUT 


TL510M . . . FH OR FK 
CHIP CARRIER PACKAGE 
(TOP VIEW) 


O 

o z o 
z o z 


o 

o o 
> z 


3 2 1 20 19 


NC ]4 
IN+ ] 5 
NC ]6 
IN- ] 7 
NC ]8 


18 [ NC 
17 [ OUT 
16 [ NC 
15[ STRB 
14 [ NC 


9 10 11 12 13 
nnnnn , 

O | u o o 
z a z z z 
o 
> 


NC -- No internal connection 
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Voltage Comparators 


TYPES TL510M, TL510C 

DIFFERENTIAL COMPARATORS WITH STROBE 


schematic 




Component values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note 1) 14 V 

Supply voltage VcC- ( see Note 1) -7 V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (either input, see Note 1) ±7 V 

Strobe voltage (see Note 1 ) 6 V 

Peak output current (t w < 1 s) 10 mA 

Continuous total power dissipation at (or below) 70 °C free-air temperature (see Note 3) .... 300 mW 

Operating free-air temperature range: TL510M Circuits -55°Cto 125°C 

TL510C Circuits 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds: FH, FK, JG, or U package . . . 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the netvyork ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of the TL510M above 70 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL510M 
chips are alloy mounted and TL510C chips are glass mounted. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, VcC- = -6V 

(unless otherwise noted) 




rt 

TL510M 

TL510C 




IONS 

MIN TYP MAX 

MIN TYP MAX 

UNIT 



R S < 200 n, 

25 °C 

0.6 2 

1.6 3.5 



See Note 4 

Full range 

3 

4.5 


Average temperature 

R S = 50 Q, 

MIN to 25 °C 

3 10 

3 20 


aVIO coefficient of input 
offset voltage 

See Note 4 

25 °C to MAX 

3 10 

3 20 




O 

o 

ID 

C\l 

0.75 3 

1.8 5 


l|0 Input offset current 

See Note 4 

MIN 

1.8 7 

7.5 

^A 



MAX 

0.25 3 



Average temperature 


MIN to 25 °C 

15 75 

24 100 


offset current 


25 °C to MAX 

5 25 

15 50 




25 °C 

7 15 

7 20 




MIN 

12 25 

o 

CO 

CD 

//A 

'lH(S) High-level strobe current 

v (strobe) = 5 V, 

V|d = -5 mV 

25 °C 

±100 

±100 

M A 

l|L(S) Low-level strobe current 

v (strobe) = -100 mV, 
V|D = 5 mV 

25 °C 

-1 -2.5 

-1 -2.5 

mA 

Common-mode input 

V|CR 

voltage range 

V CC - = -7V 

Full range 

±5 

. ±5 

V 

y Differential input voltage 

range 


Full range 

±5 

±5 

V 

^ Large-signal differential 

No load. 

25 °C 

12.5 33 

10 33 

V/mV 

voltage amplification 

Vq = 0 to 2.5 V 

Full range 

10 

8 


Vqh High-level output voltage 

V|D = 5 mV, 

'OH = 0 

Full range 

4* 5 

4* 5 

v 


V| D = 5 mV, 

Iqh = -5 mA 

Full range 

2.5 3.6* 

2.5 3.6* 



V|d = - 5 mV, 

l 0L = 0 

Full range 

-1 -0.5* 0§ 

-1 -0.5* 0§ 

V 

Vql Low-level output voltage 

v (strobe) = 03 

V|d = 5 mV, 
lOL = 0 

Full range 

-1 0§ 

-1 0§ 

V 


\/ in . _ _ c m \/ 

25 °C 

2 2.4 

1.6 2.4 


lOL Low-level output current 

V 1 [j — O 1 T 1 V , 

MIN 

1 2.3 

0.5 2.4 

mA 


Vq = 0 

MAX 

0.5 2.3 

0.5 2.4 


r 0 Output resistance 

V 0 = 1.4 V 

25 °C 

200 

200 

fi 

CMRR C° m mon-mode rejection 
ratio 

RS < 200 0 

Full range 

00 

o 

o 

o 

o 

o 

o 

dB 

lcc+ Supply current from Vcc + 


Full range 

5.5* 9 

5.5* 9 

mA 

ICC- Supply current from Vqq _ 

v | q — — o mv, 

No lodd 

Full range 

-3.5* -7 

-3.5* -7 

mA 

Pd Total power dissipation 


Full range 

90* 150 

90* 150 

mW 


* Unless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is - 55 °C to 1 25 °C and for the TL51 OC 
is 0°C to 70 °C. i 
* These typical values are at T A = 25 °C. 

^The algebraic convention, where the most-positive (least negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., when 
0 V is the maximum, the minimum limit is a more-negative voltage. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vq = 1 .8 V at 
T a = - 55 °C, V 0 = 1.4 V at T A = 25°C, and V 0 = 1 V at T A = 125°C; for TL510C, V 0 = 1.5 Vat T A = 0°C, V 0 = 1.4Vat 25°C, 
and Vq = 1.2 V at T A = 70 °C. These output voltage levels where selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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Voltage Comparators 


TYPES TL510M, TL510C 

DIFFERENTIAL COMPARATORS WITH STROBE 


switching characteristics, Vcc+ = 12 V, VcC- = -6 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

| MIN TYP MAX | 

UNIT 

Response time 

R(_ = oo C|_ = 5 pF, See Note 5 

o 

00 

o 

00 

ns 

Strobe release time 

R|_ = oo C[_ = 5 pF, See Note 6 

1 5 25 I 

ns 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 

6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1 .4 V. A 5-mV overdrive is then added to the input 
bias voltage to produce an output voltage that rises above 1 .4 V. The time interval is measured from the 50% point of the strobe voltage curve 
to the point where the overdriven output voltage crosses the 1 .4 V level. 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


LAREG-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 




T^— Free-Air Temperature— °C 



VCC+— 1 Positive Supply Voltage— V 


FIGURE 1 


FIGURE 2 


OUTPUT VOLTAGE LEVELS 
FREE-AIR TEMPERATURE 



VOH <V|D“ 

n 

5 mV 

lOH 

= 0) 


Vcc+ ** 12 V 






VCC 












L510C 

: ->j 
















! 



„ — 

1 

- — | 

V 

OL iyiD “ 

-5 mV, IOL - 

1 1 


-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 


LOW-LEVEL OUTPUT CURRENT 



-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature-°C 


FIGURE 3 


FIGURE 4 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


TYPICAL CHARACTERISTICS 


TL510M 

VOLTAGE TRANSFER CHARACTERISTICS 


> 

I 


O 

> 


5 

4 

3 

2 

1 

0 

-1 

-3-2-10 1 2 3 


, 

V C C+= 12 V 
V C C- = -6 V 
“ R S = 50 Q. 

No load 

l 1 







7 



t a 

= -55° 

c-* 


\ 

s -T A = 

Ta=1 

= 25°C 
25°C 










1 















V|p— Differential Input Voltage— mV 


FIGURE 5 


TL510C 

VOLTAGE TRANSFER CHARACTERISTICS 



> 


O 

I 

o 

> 


5 

4 

3 

2 

1 

0 

-1 

-3-2-10 1 2 3 

V|D — Differential Input Voltage— mV 









t a = 0 


7ta 

•-ta 

"=25°C 
= 70° C 
















\ 

V 

'CC+ = 
fnr = 

12 V 

-fi V„_ 




c 

lo = Rn O 


" 


No load 

1 1 


FIGURE 6 



INPUT BIAS CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 


COMMON-MODE REJECTION RATIO 


vs 

FREE-AIR TEMPERATURE 



FIGURE 7 


FIGURE 8 
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Voltage Comparators 









83 


LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


D999, OCTOBER 1977-REVISED OCTOBER 1983 


• Fast Response Times 

• High Differential Voltage Amplification 

• Low Offset Characteristics 

• Outputs Compatible with Most TTL 
Circuits 

description 

The TL51 4 is an improved version of the TL720 
dual high-speed voltage comparator. When 
compared with the TL720, these circuits feature 
higher amplification (typically 33,000) due to an 
extra amplification stage, increased accuracy 
because of lower offset characteristics, and 
greater flexibility with the addition of a strobe 
to each comparator. Since the output cannot be 
more positive than the strobe, a low-level input 
at the strobe will cause the output to go low 
regardless of the differential input. 

These circuits are especially useful in 
applications requiring an amplitude discriminator,' 
memory sense amplifier, or a high-speed limit 
detector. The TL514M is characterized for 
operation over the full military temperature range 
of - 55 °C to 125 °C, the TL514C is 
characterized for operation from 0°C to 70 °C. 

symbol (each comparator) 

STRB • 



NONINVERTING 
INPUT IN+ 


TL514M . . . J OR W PACKAGE 
TL514C . . . J OR N PACKAGE 
(TOP VIEW) 


AMPLIFIER 

# 


AMPLIFIER 
# 2 


f oir 

A s ™ 

I vcch 

N< 

r in h 

S IN- 


1 

TJTa 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


CC-1 
J- ^ 


Din- amplifier 
Hin+ J #1 

3 GND 

3 VCC+ ] 

3 STRB » 
iP OUT 


J 


AMPLIFIER 

#2 


TL514M 

FH OR FK CHIP CARRIER 
(TOP VIEW) 


CQ , 

cc t: i 

i— 2 u 
o 0 y 

*- r- Z > 



I 


| O H CD 

Z <j2 S £ 
- O ° w 

CM > 


CM 

NC — No internal connection 


CM 
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Voltage Comparators 


TYPES TL514M, TL514C 

DUAL DIFFERENTIAL COMPARATORS WITH STROBES 



Resistor values shown are nominal in ohms. 
Component values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 14 V 

Supply voltage VcC- ( see Note D -7 V 

Differential input voltage (see Note 2) +5 V 

Input voltage (any input, see Note 1) ±7 V 

Strobe voltage (see Note 1 ) 6 V 

Peak output current (t w <1 s) 10 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 3): 

each comparator 300 mW 

total package 600 mW 

Operating free-air temperature range: TL514M Circuits -55°C to 125°C 

TL514C Circuits 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, J, or W package . . . 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TL514M chips are alloy mounted 
and TL514C chips are glass mounted. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vqc 4- = 12 V, VcC- = “6 V 





t 

TL514M j 

TL514C 



PARAMETER 

TEST CONDITIC 

)NS T 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNIT 



R S < 200 n, 

25 °C 


0.6 

2 


1.6 

3.5 


v IO 

Input offset voltage 

See Note 4 

Full range 

1 3 | 

1 

mV 


Average temperature coefficient 

R S = 50 n, 

MIN to 25 °C 


3 

10 


3 

20 


«VIO 

of input offset voltage 

See Note 4 

25 °C to MAX 


3 

10 


3 

20 

#tV/°C 




25° 


0.75 

3 


1.8 

5 


ho 

Input offset current 

See Note 4 

MIN 


1.8 

7 

7.5 

FA 




MAX 


0.25 

3 

7.5 



Average temperature coefficient 


MIN to 25 °C 


15 

75 


24 

100 


«tio 

of input offset current 

See Note 4 

25 °C to MAX 


5 

25 


15 

50 

nA/°C 




25°C 


7 

15 


7 

20 


■lB 

Input bias current 

See Note 4 

MIN 


12 

25 


9 

30 

fiA 

'lL(S) 

High-level strobe current 

V(strobe) = 5 V, 

V, D = - 5 mV 

25°C 

±100 

±100 

/*A 

'lH(S) 

Low-level strobe current 

V(strobe) = -100 mV, 
V| D = 5 mV 

25°C 


- 1 

-2.5 


-1 

-2.5 

mA 

V ICR 

Common-mode input 

voltage range 

V C C- = -7 V, 

Full range 

±5 

±5 

V 

V| D 

Differential input voltage range 


Full range 

±5 

±5 

V 


Large-signal differential 

No load, 

25°C 

| 12.5 

33 


L_io 

33 



a vd 

voltage amplification 

V 0 = 0 to 2.5 V 

Full range 

Lj° 1 

1 ; 1 

V/ mV 

Vqh 

High-level output voltage 

V| D = 5 mV, 

>OH = 0 

Full range 


4 § 

5 


4§ 

5 

V 



V| D = 5 mV, 

Iqh = -5 mA 

Full range 

2.5 

3.6§ 


2.5 

3.6 § 





V| D = -5 mV, 

'OL = 0 

Full range 

-1 

-0.5 § 

0* 

-1 

-0.5 § 

0* 

V 

v OL 

Low-level output voltage 

V(strobe) = 0.3 V, 

V ID = 5 mV, 

'OL = 0 

Full range 

-1 


0* 

-1 


0* 

V 




25 °C 

2 

2.4 


1.6 

2.4 



'OL 

Low-level output current 

V|q = -5 mV, 

MIN 

1 1 2,3 1 

0.5 

2.4 


mA 



Vq = 0 

MAX 

0.5 

2.3 


0.5 

2.4 



r o 

Output resistance 

V 0 = 1.4 V 

25°C 

200 

200 | 

U 

CMRR 

Common-mode rejection ratio 

R S < 200 Q 

Full range 

80 

100 § 


70 

100 § 


dB 

'cc + 

Supply current from Vqc + ^ 


Full range 


5.5 § 

9 


5.5 § 

9 

mA 

>CC- 

Supply current from V^c - ^ 

V|q = — 5 mV, 

No load 

Full range 


-3.5§ 

-7 


-3.5§ 

-7 

mA 

PD 

Total power dissipation^ 


Full range 


90 5 

150 


90 5 

150 

mW_ 


* Unless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL51 4M is - 55 °C to 1 25 °C and for the TL514C 
is 0°C to 70°C. 

* The algebraic convention where the most-positive (least-negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., when 
0 V is the maximum, the minimum limit is a more-negative voltage. 

§These typical values are at T A = 25 °C. 

1 Supply current and power dissipation limits apply for each comparator. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vq = 1 .8 V at 
T a = -55°C, V 0 = 1.4 V at T A = 25°C, and V 0 = 1 V at T A = 125°C; for TL514C, V 0 = 1.5 V at T A = 0°C, V 0 = 1 .4 V at 25°C, 
and Vq = 1.2 V at T A = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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Voltage Comparators 


TYPES TL514M, TL514C 

DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


switching characteristics, Vcc+ = 12 V, Vcc- = -6 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Response time 

R|_ = oo 

C L = 5 pF, 

See Note 5 


30 

80 

ns 

Strobe release time 

R|_ = oo 

C L = 5 pF, 

See Note 6 


5 

25 

ns 


NOTES: 5. The response time specified is for a 100-mV input step with 5 mV overdrive. 

6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1 .4 V. A 5-mV overdrive is then added to the input 
bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50% point of the strobe voltage curve 
to the point where the overdriven output voltage crosses the 1 .4 V level. 


TYPICAL CHARACTERISTICS 



LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 



< o 1 I I I I I 1 1 I 

-75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 

FIGURE 1 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 



£ 0 I I I I 1 I I i I 

10 11 12 13 14 

Vcc+— p ° s ' t ' ve Supply Voltage-V 
FIGURE 2 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


> 

i 


X 2 


0 

1 

o 

> 


TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE LEVELS 
vs 

FREE-AIR TEMPERATURE 


-1 




i 

o 

> 

(V|D 

= 5 m 

v, io 

1 

H = 0) 
" 







i 

i 

i 

] 



Vcc 

Vcc 

+ = i: 

l V 

6 V 



i 

i 

i 



. 




L514C 

i 

i 

i 








i 

i 

i 








!_ 



- 


v ( 

DL<V 

ID = " 

-5 mV 

*OL 

= 0) 


-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 
FIGURE 3 


LOW-LEVEL OUTPUT CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 
FIGURE 4 



TL514M 

VOLTAGE TRANSFER CHARACTERISTICS 


TL514C 

VOLTAGE TRANSFER CHARACTERISTICS 


> 

I 


O 

'o 1 
> 


-1 


Vcc+ = 12 V 

VCC- = -6 V 




1 *0 

No load 




7 



ta 

= -55° 


r 

1 

i 

\ 

^T A = 
Ta = 1 

25°C 
25° C 



















— 

3 








-3-2-1 0 1 2 

V|D— Differential Input Voltage— mV 
FIGURE 5 


> 

I 


- 2 


O 

I 

O 

> 


-1 









t a = 0 


7 ta 

"-Ta 

= 25° C 
= 70° C 

















Vcc+ = 

12 V 




I Vcc- 

= — 6 V 

— _ 



1 Rg = 50 

No load 

1 J 


- 2-1012 
V|D~ Differential Input Voltage— mV 
FIGURE 6 
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Voltage Comparators 


TYPES TL514M, TL514C 

DUAL DIFFERENTIAL COMPARATORS WITH STROBES 



TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 



Ta~ F ree-Air Temperature— °C 
FIGURE 7 


COMMON-MODE REJECTION RATIO 


vs 



-75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 
FIGURE 8 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 



0 20 40 60 80 100 120 140 


t— Time— ns 
FIGURE 9 


STROBE RELEASE TIME 



> 0 5 10 15 20 25 30 35 40 

t— Time— ns 
FIGURE 10 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vq = 1.8 V at 
T a = - 55°C, V 0 = 1.4 V at T A = 25°C, and V 0 = 1 V at T A = 125 °C; for TL514C, V 0 = 1.5 V at T A = 0°C, V 0 = 1 .4 V at 25°C, 
and Vq = 1.2 V at T A = 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic cirucits these comparators are intended to drive. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 
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Voltage Comparators 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

D2229, FEBRUARY 1 971 -REVISED AUGUST 1983 


• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL Circuits 


description 

The TL710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance output. 
Component matching, inherent in silicon integrated 
circuit fabrication techniques, produces a comparator 
with a low-drift and low-offset characteristics. These 
circuits are especially useful for applications requiring 
an amplitude discriminator, memory sense amplifier, 
or a high-speed voltage comparator. The TL710M is 
characterized for operation over the full military 
temperature range of - 55 °C to 1 25 °C; the TL7 1 0C 
is characterized for operation from 0°C to 70 °C. 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


NC C 

7T 

Jl4 

3 NC 

GND C 

2 

13 

U NC 

IN+ C 

3 

12 

D NC 

IN- C 

4 

11 

3 vcc + 

NC C 

5 

10 

3 NC 

V CC- C 

6 

9 

3 OUT 

NC C 

7 

8 

3 - NC 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

GND [ft U SQ V C C + 

IN + C 2 7 1 OUT 


schematic 


NONINVERTI 
INPUT 
INVERTING 
INPU 



U FLAT PACKAGE 
(TOP VIEW) 

GND ioQ NC 

IN+ C 2 9 2 NC 

IN- £ 3 8 H Vcc + 

NC C 4 7 D NC 

VCC-CS 6 ] OUT 


NC — No internal connection 


NONINVERTING 
INPUT IN+ 

INVERTING 

INPUT IN- 



Component values shown are nominal. 
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Voltage Comparators 


TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL710M 

TL710C 

UNIT 

Supply voltage Vcc + (see Note 1 ) 

14 

14 

V 

Supply voltage Vcc - ( see N° te 1 ) 

-7 

-7 

V 

Differential input voltage (see Note 2) 

±5 

±5 

V 

Input voltage (either input, see Note 1) 

±7 

±7 

V 

Peak output current (t w < 1 s) 

10 

10 

mA 

Continuous total power dissipation 

at (or below) 70 °C free-air temperature (see Note 3) 

300 

300 

mW 

Operating free-air temperature range 

-55 to 125 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

- 65 to 1 50 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

J, JG or U package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

N or P package 


260 

°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of the TL710M above 70 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, TL710M 
chips are alloy-mounted; TL7 IOC chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vqc + = 12 V, Vqc - = - 6 V 



PARAMETER 

TEST CONDITIONS* 

TL710M 

TL710C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|q Input offset voltage 

R§ < 200 Q, See Note 4 

25 °C 

2 5 

2 7.5 

mV 

Full range 

6 

10 

Average temperature 
«viO coefficient of input 
offset voltage 

R$ ^ 200 0, See Note 4 

Full range 

5 

7.5 

lN/° C 

l|0 Input offset current 

See Note 4 

25 °C 

1 10 

1 15 

pA 

Full range 

20 

25 

l|B Input bias current 

See Note 4 

25°C 

25 75 

25 100 

pA 

Full range 

150 

150 

Common-mode 
^ input voltage range 

V C C = -7 V 

25 °C 

±5 

±5 

V 

Differential input 

V *^ voltage range 


25°C 

±5 

±5 

V 

Large-signal differential 
voltage amplification 

No load. See Note 4 

25°C 

750 1 500 

700 1 500 

V/V 

Full range 

500 

500 

Vqh High-level output voltage 

V|Q = 15 mV, Iqh = -0.5 mA 

25°C 

2.5 3.2 4 

2.5 3.2 4 

V 

Vol Low-level output voltage 

V|p = -15 mV, Iql = 0 

25°C 

-1 -0.5 0* 

-1 -0.5 0* 

V 

lOL Low-level output current ' 

V|D = -15 mV, Vq = 0 

25 °C 

1.6 2.5 


mA 

r 0 Output resistance 

V 0 = 1 .4 V 

25 °C 

200 

200 

0 

Common-mode 

CMRR 

rejection ratio 

R S < 200 fi 

25 °C 

70 90 

65 90 

dB 

ICC + Supply current from Vcc + 

V| D = -5 V to 5 V 

(-10 mV for typ) 

No load 

25 °C 

5.4 10.1 

5.4 

mA 

ICC - Supply current from Vcc - 

25 °C 

-3.8 -8.9 

-3.8 

mA 

PD Total power dissipation 

25 °C 

88 175 

88 

mW 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL710M, Vq = 1 .8 V at T A = - 55 °C, 
V 0 = 1 .4 V at T a = 25 °C, and Vq = 1 V at T A = 125°C; forTL710C, V 0 = 1.5VatT A = 0°C, V 0 = 1.4VatT A = 25°C,andV 0 = 1.2 V 
at T A = 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these 
comparators are intended to drive. 

f Full range for TL710M is -55°C to 125°C and for TL710C is 0°C to 70 °C. 

*The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels only, 
e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


switching characteristics, Vqc + = 12 V, Vqc - = -6 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TL710M 

TL710C 

UNIT 

TYP 

TYP 

Response time 

No load. See Note 5 

40 

40 

ns 


NOTE 5: The response time specified is for a 1 0O-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1 .4 V. 


TYPICAL CHARACTERISTICS 


TL710M 


VOLTAGE TRANSFER CHARACTERISTICS 



V|D~ Differential Input Voltage- mV 


TL710C 

VOLTAGE TRANSFER CHARACTERISTICS 



—5 -4 -3 -2 -1 0 1 2 3 4 5 

V |p— Differential Input Voltage-mV 


FIGURE 1 


FIGURE 2 
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Voltage Comparators 


TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE TOTAL POWER DISSIPATION 



-75 -50 -25 0 25 50 75 100 125 -75 “ 50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature-°C T A -Free-Air Temperature- 0 C 

FIGURE 3 FIGURE 4 


COMMON-MODE PULSE RESPONSE 

OUTPUT RESPONSE FOR VARIOUS OUTPUT RESPONSE FOR VARIOUS vs 

INPUT OVERDRIVES INPUT OVERDRIVES ELAPSED TIME 



FIGURE 5 


FIGURE 6 


FIGURE 7 
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LINEAR 

CIRCUITS 


• Operates from a Single 5-V Supply 

• 0 to 5 V Common-Mode Input Voltage Range 

• Self-Biased Inputs 

• Complementary 3-State Outputs 

• Enable Capability 

• 5-mV Typical Hysteresis 

• 25-ns Typical Response Times 


TYPE TL712 
DIFFERENTIAL COMPARATOR 

D2741 , JUNE 1983 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1 U 8 

2 7 

3 6 

4 5 


NC — No Internal connection 


description 

The TL7 1 2 is a single high-speed voltage comparator fabricated with bipolar Schottky process technology. The circuit 
has differential analog inputs and complementary 3-state TTL-compatible logic outputs with symmetrical switching 
characteristics. When the output enable, OE, is low, both outputs are in the high-impedance state. This device operates 
from a singe 5-V supply and is useful as a disk memory read-chain data comparator. 

The TL712 is characterized for operation from 0°C to 70 °C. 


functional block diagram 


OE 

IN+ 


IN- 



OUT+ 

OUT- 



PRODUCT PREVIEW 


Copyright © 1983 by Texas Instruments Incorporate! 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Operates From a Single - 5.2-V Power 
Supply 

• Self-Biased Inputs 

• Common-Mode Input Voltage Range 

0 to -5.2 V 


• MECL III and MECL 10 000 Compatible 

• Complementary ECL-Compatible Outputs 

• Hysteresis ... 5 mV Typ 

• Response Times . . . 10 ns Typ 


TYPE TL721 
DIFFERENTIAL COMPARATOR 

D2781 , FEBRUARY 1984 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


NCC 
IN- C 
IN+ C 
NCC 


TTJ7 

2 7 

3 6 

4 5 


Ugnd 
Dout- 
[3 out + 
>ee 


NC — No internal connection 


description 

The TL721 is a single high-speed voltage 
comparator fabricated with bipolar Schottkyt 
process technology. The circuit has differential 
analog inputs and complementary ECL- 
compatible logic outputs with symmetrical 
switching characteristics. The device operates 
from a single -5.2-volt supply and is useful as 
a disk memory read-chain data comparator. 

The TL721 is characterized for operation from 
0°C to 70°C. 


symbol 


INVERTING 
INPUT IN- 

NONINVERTING 
INPUT IN+ 



INVERTING 
OUTPUT OUT- 

NONINVERTING 
OUTPUT OUT+ 



^Integrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments. U.S. Patent Number 3,463,975. 
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Voltage Comparators 


TYPE TL721 

DIFFERENTIAL COMPARATOR 


electrical characteristics at Ta = 25 °C, Vee = -5.2 V 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

v T 

Threshold voltage (Vj + and Vj-) 

V IC = V ICR min 

-loot 


100 

mV 

v T + - v T - 

Hysteresis 



5 

10 

mV 

v OH 

High-level output voltage 

V|p = 100 mV, 

R L = 50 G to -2 V 

-0.96 1 


-0.81 

V 

VOL 

Low-level output voltage 

V|D = -100 mV, 

R L = 50 Q to -2 V 

-1.85t 


-1.65 

V 

V ICR 

Common-mOde input voltage range 


0 

to 

-5.2 

V 

r in 

Input resistance 


4 

kfi 

'EE 

Supply current 

V|D = 0, No load 


- 13 


mA 


^The algebraic convention, where the more-negative limit is designated as minimum, is used in this data sheet for input threshold and output voltage levels only. 


switching characteristics at Ta = 25 °C, Vee = -5.2 V 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH Propagation delay time, low-to-high-level output 

AV|d = +200 mV to -200 mV or 
-200 mV to +200 mV, 

R|_ = 50 G to - 2 V 

12 

ns 

t PHL Propagation delay time, high-to-low-level output 

12 

ns 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

D993, MARCH 1971 -REVISED AUGUST 1983 


Low Offset Characteristics 
High Differential Voltage Amplification 
Fast Response Times 

• Output Compatible with Most TTL Circuits 


description 

The TL8 1 0 is an improved version of the TL7 1 0 high- 
speed voltage comparator with an extra stage added 
to increase voltage amplification and accuracy. Typical 
amplification is 33,000. Component matching, 
inherent in monolithic integrated circuit fabrication 
techniques, produces a comparator with low-drift and 
low-offset characteristics. These circuits are 
particularly useful for applications requiring an 
amplitude discriminator, memory sense amplifier, or 
a high-speed limit detector. 

The TL810M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C; 
the TL810C is characterized for operation from 0°C 
to 70 °C. 

symbol 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 


TL810M . . . JG PACKAGE 
TL810C . . . JG OR P PACKAGE 
(TOP VIEW) 


GND C 
IN + Q 
IN- Z 
V CC- L 

7T77 

2 7 

3 6 

4 5 

H vcc + 

J OUT 

U NC 

H NC 

TL810M . . . U PACKAGE 

(TOP VIEW) 

GND M 
in + r 

IN - £ 

nc r 

vcc- q 

•1 10 1 

2 9 

3 8 

4 7 

5 6 

D NC 

D NC 

U vcc + 

D STRB 
D OUT 


NC — No internal connection 




Copyright © 1983 by Texas Instruments Incorporated 


, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Voltage Comparators 




Voltage Comparators 


TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


schematic 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vqc+ (see Note 1) 14 V 

Supply voltage Vqq_ (see Note 1) -7 V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (either input, see Note 1) ±7 V 

Peak output current (t w < Is) 10 mA 

Continuous total power dissipation at (or below) 70 °C free-air temperature (see Note 3) 300 mW 

Operating free-air temperature range: TL810M Circuits -55°C to 125°C 

TL8 IOC Circuits 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or U package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of the TL810M above 70 °C free-air temperature, refer to dissipation Derating Curves, Section 2. In the JG package, TL810M chips 
are alloy-mounted; TL810C chips are glass-mounted. 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, Vqc + = 12 V, VcC- = — 6 V 

(unless otherwise noted) 





TL810M 

TL810C 






MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



* tf 

R S < 200 0, 

25 °C 


0.6 

2 


1,6 

3.5 


v IO 


See Note 4 

Full range 

3 

4.5 



Average temperature 

R S = 50 0, 

MIN to 25°C 


3 

10 


3 

20 


a VIO 

offset voltage 

See Note 4 

25 °C to MAX 


3 

10 


3 

20 





25 °C 


0.75 

3 


1.8 

5 


ho 

Input offset current 

See Note 4 

MIN 


1.8 

7 

7.5 





MAX 


0.25 

3 

7.5 



Average temperature 


MIN to 25 °C 


15 

75 


24 

100 


«no 

offset current 


25 °C to MAX 


5 

25 


15 

50 





25°C 


7 

15 


7 

20 


'IB 



MIN 


12 

25 


9 

30 

/iA 

V ICR 

Common-mode 

input voltage range 

V CC — = -7 V 

Full range 

±5 

± 5 

V 


Large-signal differential 

No load. 

25 °C 

12.5 

33 


10 

33 



a VD 

voltage amplification 

Vq = 0 to 2.5 V 

Full range 

10 

3 

V/m V 

\/ n Li 

output voltage 

V|p = 5 mV, 

'OH = 0 

Full range 


4§ 

5 


4§ 

5 

y 

v OH 


V| D = 5 mV, 

•OH = "5 mA 

1 

Full range 

2.5 

3.6§ 


2.5 

3.6§ 



v OL 

Low-level output voltage 

V| D = -5 mV, 
lOL = 0 

1 

Full range 

-1 

— 0.5§ 

0* 

-1 

-0.5§ 

0* 

V 



\/ irN — __ c mV/ 

o 

o 

in 

CM 

2 

2.4 


1.6 

2.4 



'OL 

Low-level output current 

v id — — o m v. 

MIN 

1 2.3 

0.5 

2.4 


mA 



v O = o 

MAX 

0.5 

2.3 


0.5 

2.4 



r o 

Output resistance 

Vq = 1.4 V 

25 °C 

200 

200 

n 

CMRR 

Commommode rejection ratio 

RS < 2000 

Full range 

80 

100§ 


70 

100§ 


dB 

•cc + 

Supply current from VQC + 


Full range 


5.5§ 

9 


5.5§ 

9 

mA 

•cc- 

Supply current from V^c - 

V|D = - 5 mV, 
No load 

Full range 


-3.5§ 

-7 


- 3.5§ 

-7 

mA 

PD 

Total power dissipation 


Full range 


90 § 

150 


90 § 

150 

mW 


f Full range (MIN to MAX) for TL810M is -55°C to 125°C and for the TL810C is 0°C to 70°C. 

*The algebraic convention, where the most-positive (least-negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., when 
0 V is the maximum, the minimum limit is a more-negative voltage. 

^These typical values are at T A = 25 °C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vq = 1.8 V at 
T a = -55 °C, Vq = 1.4 V at T A = 25°C, and V 0 = 1 V at T A = 125°C; for TL810C, V 0 = 1.5VatT A = 0°C, V 0 = 1 .4 V at 25°C, 
and Vq = 1.2 V at T A = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 


switching characteristics, Vcc + = 12 V, VcC- = -6 V, T/v = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Response time 

Rl = oo, C|_ = 5 pF, See Note 5 

00 

o 

00 

° 

ns 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1.4 V. 
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Voltage Comparators 


TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 




-75 -50 -25 0 25 50 75 100 125 


T>\— Free-AirTemperature-°C 

FIGURE 1 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 



10 11 12 13 14 


Vcc+ —Positive Supply Voltage — V 
FIGURE 2 


> 

I 


<u 


o 

> 


0 

1 

o 

> 


OUTPUT VOLTAGE LEVELS 
vs 

FREE-AIR TEMPERATURE 




i 

o 

> 

V|D = 

2 1 

JOH 

= 0) 





— 


i 

i 

i 

1 

' 


< < 
o o 

:+=i: 

V 

6V 



i 

| 







L810C 

i 

* 

i 








i 

i 

i 

i 








i 



- 



7ql 0 

^ID = 

—5 m 

VJoi 

L=0) 


-75 -$0 -25 0 25 50 75 100 125 

TA-Free-Air Temperature -°C 


FIGURE 3 


LOW-LEVEL OUTPUT CURRENT 


vs 



-75 -50 —25 0 25 50 75 100 125 


Ta -Free-Air Temperature — °C 
FIGURE 4 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


> 

l 


<D 

g 

o 

> 


Q. 

3 

O 



TL810M 

VOLTAGE TRANSFER CHARACTERISTICS 



-3-2-10 1 2 3 

V|p -Differential Input Voltage —mV 
FIGURE 5 


INPUT BIAS CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 


Ta~ F ree-Air Temperature— °C 


TL810C 


O 

I 

$ 


VOLTAGE TRANSFER CHARACTERISTICS 
5 

4 

3 

2 

1 

0 

-1 

-3-2-10 1 2 3 









T A = ( 

° c ^ 

Cta 

T/v 

= 25°C 
= 70°C 

















Vcc+ 

V CC- 

= 12 V 

= —6 V 





RS = 50 J2 

No load 

L 





V|Q —Differential Input Voltage —mV 
FIGURE 6 

COMMON-MODE REJECTION RATIO 



vs 



-75 -50 -25 0 25 50 75 100 125 


T a -Free-Air Temperature — °C 


FIGURE 7 


FIGURE 8 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vq = 1.8 V at 
T a = - 55°C, V 0 = 1.4 V at T A = 25°C, and V 0 = 1 V at T A = 125°C; for TL810C, V 0 = 1.5 V at T A = 0°C, V 0 = 1.4 V at 25°C, 
and Vq = 1.2 V at T A = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


COMMON-MODE PULSE RESPONSE 



OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


_V C C+=12V 

V C C- = -6 \ 
C L = 5pF 



T a = 25 C 


^2mV 

-i — 

5 mV 


t— Time-ns 
FIGURE 9 


20 40 60 80 100 120 140 

t— Time— ns 

FIGURE 10 


TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 


— 1 — 1 — 
Vcc+= 12 v 
VCC- = -6 V 






V|D = 5 mV 

No Load 

1 i 






- 

-- 

— 




L 





4 1 

.... 

i r 

L810C-* 

1 , 
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LINEAR 

ESSt™ DUAL-CHANNEL 

CIRCUITS 


• Fast Response Times 

• Improved Voltage Amplification and Offset 
Characteristics 

• Output Compatible with Most TTL Circuits 
description 

The TL81 1 is an improved version of the TL71 1 high- 
speed dual-channel voltage comparator. Voltage 
amplification is higher (typically 17,500) due to an 
extra stage, increasing the temperature accuracy. The 
output pulse width may be "stretched" by varying the 
capacitive loading. 

Each channel has differential inputs, a strobe input, 
and an output in common with the other channel. 
When either strobe is taken low, it inhibits the 
associated channel. If both strobes are simultaneously 
low, the output will be low regardless of the conditions 
applied to the differential inputs. 

These dual-channel voltage comparators are 
particularly attractive for applications requiring an 
amplitude-discriminating sense amplifier with an 
adjustable threshold voltage. 

The TL81 1M is characterized for operation over the 
full military range of - 55 °C to 125 °C; the TL8 1 1 C 
is characterized for operation from 0°C to 70 °C. 

functional block diagram 


TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

D1008, MARCH 1971 -REVISED AUGUST 1983 


TL811M . . . J DUAL-IN-LIIME PACKAGE 
TL811C . . . J OR N DUAL-IN-LINE PACKAGE 
ation and Offset (TOP VIEW) 



NCC 

7T 

Jl4 

Dnc 

CHAN 

XlN-C 

2 

13 

U # 1 STRB 

#1 

\lN+ C 

3 

12 

Hgnd 


vcc- C 

4 

11 

H vcc + 

CHAN 

XlN+C 

5 

10 

I] OUT 

#2 

\IN-C 

6 

9 

H #2 STRB 


NCC 

7 

8 

ZINC 


. . . U FLAT PACKAGE 
(TOP VIEW) 

[1#i ioQ # 1 STRB 

£ 2 9 "2 GND 

Cl 3 8 U V C C + 

c 4 7 D OUT 

r 5 6 1 # 2 STRB 


NC — No internal connection 


STROBE 
NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 
STROBE 
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Voltage Comparators 


TYPES TL811M, TL811C 

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


schematic 

OUTPUT 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vqc+ ( see Note 1) 14 V 

Supply voltage Vqc - ( see Note 1) - 7 V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (any input, see Note 1) ±7 V 

Strobe Voltage (see Note 1) 6 V 

Peak output current (t w < 1 s) 50 mA 

Continuous total power dissipation at (or below) 70 °C free-air temperature (see Note 3) 300 mW 

Operating free-air temperature range: TL81 1M Circuits -55°C to 125°C 

TL8 1 1 C Circuits 0 °C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or U package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of the TL81 1 M above 70 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, the TL81 1 M 
chips are alloy-mounted; TL810C chips are glass-mounted. 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc + 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 1 


12 V. Vcc- 


PARAMETER 

V|0 

Input offset voltage 


Average temperature 

«VIO 

coefficient of input 
offset voltage 

Mo 

Input offset current 

Mb 

Input bias current 

'IL(S) 

Low-level strobe current 

V|CR 

Common-mode 

input voltage range 

V|D 

Differential input 
voltage range 

a VD 

Large-signal differential 
voltage amplification 

VOH 

High-level 
output voltage 

VOL 

Low-level 

output voltage 

•OL 

Low-level 

output current 

r o 

Output resistance 

CMRR 

Common-mode 

rejection ratio 

>CC + 

Supply current from Vcc + 

*CC- 

Supply current from Vcc- 

PD 

Total power dissipation 



MIN TYP MAX 

MIN TYP MAX 


< 

o 

II 

o 

25 °C 

1 3.5 

1 5 


See Note 4 

Full range 

4.5 

6 



25 °C 

1 5 

1 7.5 



Full range 

6 

10 


V|C = 

See Note 4 

Full range 

5 

5 

mV/°C 


25 °C 

0.5 3 

0.5 5 



Full range 

5 

10 



25 °C 

7 20 

7 30 



Full range 

30 

50 


V(strobe) = -100 mV 

25°C 

-1.2 -2.5 

-1.2 -2.5 

mA 

V CC - = -7 V 

25°C 

±5 

±5 

V 


25°C 

±5 

±5 

V 

Vq = 0 to 2.5 V, 

25°C 

12.5 17.5 

10 17.5 

V/ mV 

No load 

Full range 

8 

5 


V| D = 10 mV, 

'OH = 0 

25°C 

4 5 

4 5 


V| D = 10 mV, 
lOH = -5 mA 

25°C 

2.5 3.6 

2.5 3.6 


V )D = -10 mV, 

'OL = 0 

25 °C 

-1 -0.4 0* 

-1 -0.4 0* 


V|D = 10 mV, 

V(strobe) = 0.3 V, 

'OL = 0 

25 °C 

-1 0* 

1 0* 

V 

VjD = - 10 mV, 

Vq = 0 

25 °C 

0.5 0.8 

0.5 0.8 

mA 

V 0 = 1.4 V 

25 °C 

200 

200 



25 °C 

70 90 

65 90 

dB 

V| D = -5 to 5 V 

25 °C 

6.5 

6.5 

mA 

(10 mV for typ), 

25°C 

-2.7 

-2.7 

mA 

No load, See Note 5 

25 °C 

94 150 

94 200 

mW 


t Unless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is grounded. Full 
range for TL811M is -55°C to 125°C and for the TL811C is 0°C to 70°C. 

*The algebraic convention, where the most-positive (lease-negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., 
when 0 V is the maximum, the minimum limit is a more-negative voltage. 

NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M, Vq = 1.8 V at 
T A = - 55 °C, Vq = 1.4 Vat T a = 25°C,andV 0 = 1 VatT A = 1 25°C; for TL81 1C, V 0 = 1.5VatT A = 0°C, V 0 = 1.4VatT A = 25°C, 
and Vq = 1 .2 V at 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic 
circuits these comparators are intended to drive. 

5. The strobes are alternately grounded. 
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Voltage Comparators 


TYPES TL811M, TL811C 

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


switching characteristics, Vcc + = 12 V, VqC- = -6 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

TL811M 

TL811C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Response time 

Rl = oo, C|_ = 5 pF, See Note 6 

33 80 

33 

ns 

Strobe release time 

R[_ = oo, C[_ = 5 pF, See Note 7 

5 25 

5 

ns 


NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1.4 V. 

7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1 .4 V. A 5-mV overdrive is then added to the input 
bias voltage to produce an output voltage that rises above 1 .4 V. The time interval is measured from the 50% point on the strobe voltage waveform 
to the instant when the overdriven output voltage crosses the 1 .4-V level. 


TYPICAL CHARACTERISTICS 



> 

E 

> 

I 

c 

o 


a. 

E 

< 


<5 

I 

Q 

> 

< 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 
25 


20 


15 


10 


5 


0 

-75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 





























«_ T 

L811C 

r i 































VCC4 

= 12 

V 






Vcc- = -6 V 

Vq = 0 to 2.5 V. 
No load 

i i 







LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 



Vcc+ — l >os ‘ t ' ve Supply Voltage— V 


FIGURE 1 


FIGURE 2 
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Differential 


TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


> 

l 


CT> 


JS 

o 


> 


a. 

3 

O 

I 

O 

> 


TL811M 

VOLTAGE TRANSFER CHARACTERISTICS 








T 

\ = - 55 


j 

r 


t a = i 

25° C 





K 

\ 









-t a = : 

>5°C 




J 



Vcc+ = 
Vcc- 

RS = 5< 

= 12 V 

= —6 V- 

r\ O 



J 







Li 





No load 


-3-2-10123 


TL811C 

VOLTAGE TRANSFER CHARACTERISTICS 









t a = ( 


JP 

A = 70° 

c 




K 

^Tfi 

= 25° C 





> 







vcc+ 

vcc- 

= 12 V 

= —6 V 



. 

=2). 

) 





H$ = PU 

No load 


-3-2-10 1 2 3 


V|D— Differential Input Voltage— mV 


V id— D ifferential Input Voltage— mV 


FIGURE 3 


FIGURE 4 
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> 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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t— Time— ns 


> 
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> 

I 


Q. 

3 

O 

I 

o 

> 


STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 
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FIGURE 5 


FIGURE 6 
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Voltage Comparators 


TYPES TL811M, TL811C 

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


COMMON-MODE PULSE RESPONSE 




0 2 

II 

3 l 

1 c 

o £ 


> 

l 


ro 

O 

> 


a 

3 

O 

I 

O 

> 



0 40 80 120 140 

t— Time— ns 



FIGURE 7 

INPUT BIAS CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 


Ta~ F ree-Air Temperature— °C 


OPEN 



TEST CIRCUIT 
FOR FIGURE 7 


TOTAL POWER DISSIPATED 
vs 


FREE-AIR TEMPERATURE 



Ta— F ree-Air Temperature— °C 


FIGURE 8 


FIGURE 9 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M, Vq = 1.8 V at 
T a = - 55 °C, Vq = 1.4 VatT A = 25°C, and V 0 = 1 VatT A = 1 25 °C; for TL81 1C, V 0 = 1.5 V at T A = 0°C, V 0 = 1.4VatT A = 25°C, 
and Vq = 1.2 V at 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic 
circuits these comparators are intended to drive. 
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LINEAR 

INTEGRATED 

CIRCUITS 

• Fast Response Times 

• High Differential Voltage Amplification 

• Low Offset Characteristics 

• Outputs Compatible with Most TTL Circuits 


description 

The TL820 is an improved version of the TL720 dual 
high-speed voltage comparator. Each comparator has 
differential inputs and a low-impedance output. When 
compared with the TL720, these circuits feature high 
amplification (typically 33,000) due to an extra 
amplification stage and increased accuracy because 
of lower offset characteristics. They are particularly 
useful in applications requiring an amplitude 
discriminator, memory sense amplifier, or a high-speed 
limit detector. 

The TL820M is characterized for operation over the 
full military temperature range of - 55 °C to 1 25 °C; 
the TL820C is characterized for operation from 0°C 
to 70 °C. 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



TYPES TL820M, TIL820C 
DUAL DIFFERENTIAL COMPARATORS 

D996, OCTOBER 1977-REVISED AUGUST 1983 


J OR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 


{. 


OUTQ 

COMP 1 < NC £ 

w VcC+E 
NCC 

IN+ Q 

COMP 2 < IN - L 

vcc- C 


xn 


D v C c-^| 

]IN- >COMP1 
U IN + ) 

D GND 

H'Vcc + i 

Unc >COMP2 
H OUT 


}• 


NC — No internal connection 


schematic (each comparator) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vqc + (see Note 1) 14V 

Supply voltage Vcc- (see Note 1) -7 V 

Differential input voltage (see Note 2) ±5 V 

Input voltage (any input, see Note 1) ±7 V 

Peak output current (t w <1 s) 10 mA 

Continuous total power dissipation at (or below) 70 °C free-air temperature: each comparator 300 mW 

total package (see Note 3) . . 600 mW 

Operating free-air temperature range:TL820M Circuits -55°C to 125°C 

TL820C Circuits 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of the TL820M above 70 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TL820M 
chips are alloy-mounted, TL820C chips are glass-mounted. 
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Voltage Comparators 



Voltage Comparators 


TYPES TL820M, TL820C 

DUAL DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc— = — 6 V 
(unless otherwise noted) 


PARAMETER 


TL820M 

TL820C 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNIT 

VlO 

Input offset voltage 

R s < 200 n. 

25° C 


0.6 

2 


1.6 

3.5 


See Note 4 

Full range 

3 

4.5 

mV 

«VIO 

Average temperature coefficient 

R s = 50 ft. 

MIN to 25° C 


3 

10 


3 

20 

MV/°C 

of input offset voltage 

See Note 4 

25° C to MAX 


3 

10 


3 

20 




25° C 


0.75 

3 


1.8 

5 


•io 

Input offset current 

See Note 4 

MIN 


1.8 

7 

7.5 

H A 




MAX 


0.25 

3 

7.5 


«IIO 

Average temperature coefficient 


MIN to 25° C 


15 

75 


24 

100 


of input offset current 


25° C to MAX 


5 

25 


15 

50 


>IB 

Input bias current 

See Note 4 

25° C 


7 

15 


7 

20 

PA 

MIN 


12 

25 


9 

30 

V|CR 

Common-mode input 
voltage range 

VCC- = ~7 V 

Full range 

±5 

±5 

V 

V|D 

Differential input voltage range 


Full range 

±5 

±5 

V 

Avd 

Large-signal differential 

No load. 

25° C 

12.5 

33 



33 


V/mV 

voltage amplification 

Vo = 0 to 2.5 V 

Full range 

10 

8 

V 0 H 

High-level output voltage 

V| D = 5 mV 

•oh = o 

Full range 


4§ 

5 


4§ 

5 

y 

V, D = 5 mV, 

*OH = “5 mA 

Full range 

2.5 

3.6 § 


2.5 

3.6 § 



VOL 

Low-level output voltage 

V| D = -5mV, 

'OL = 0 

Full range 

-1 

-0.5 § 

0* 

-1 

-0.5 § 

ot 

V 



V| D = -5 mV, 

Vq = 0 

25° C 

2 

2.4 


1.6 

2.4 



•OL 

Low-level output current 

MIN 

1 2.3 

0.5 

2.4 


mA 



MAX 

0.5 

2.3 


0.5 

2.4 



•o 

Output resistance 

V 0 = 1.4 V 

25° C 

200 

200 

ft 

CMRR 

Common-mode rejection ratio 

R s < 200 ft 

Full range 

80 

100§ 


70 

100§ 


dB 

•cc+ 

Supply current from Vqc+ 

(each comparator) 


Full range 


5.5 § 

9 


5.5§ 

9 

mA 

ice- 

Supply current from Vcc-- 
(each comparator) 

V, D = -5 mV, 

No load 

Full range 


-3.5 § 

-7 


-3.5§ 

-7 

mA 

PD 

Total power dissipation 
(each comparator) 


Full range 


90 § 

150 


90 § 

150 

mW 


t Full range (MIN to MAX) for TL820M is -55°C to 125°C and for the TL820C is 0°C to 70 °C. 

*The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels only, e.g., when 
0 V is the maximum, the minimum limit is a more-negative voltage. 

§These typical values are at T A = 25 °C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vq = 1.8VatT A = - 55°C, 
V 0 = 1 .4 V at T a = 25°C, and V 0 = 1 V at T A = 125°C; for TL820C, V 0 = 1.5 V at T A « 0°C, V 0 = 1.4Vat25°C, and V 0 = 1.2 Vat 
T a = 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 
are intended to drive. 


switching characteristics, Vcc+ = 12 V, VCC- = -6 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Response time 

R L = °°, C L = 5pF, See Note 5 

30 80 

ns 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1 .4 V. 
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Iq L — Low-Level Output Current— mA A\/D — Diffe 


TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 

VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS 

vs vs vs 


FREE-AIR TEMPERATURE SUPPLY VOLTAGE FREE-AIR TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 

T/\— Free-Air Temperature-°C 

10 11 12 13 14 

Vcc+~ Positive Supply Voltage— V 

—75 -50 -25 0 25 50 75 100 

T/\— Free-Air Temperature— °C 

FIGURE 1 

FIGURE 2 

FIGURE 3 

LOW-LEVEL OUTPUT CURRENT 

vs 

FREE-AIR TEMPERATURE 

TL820M 

VOLTAGE TRANSFER 

CHARACTERISTICS 

TL820C 

VOLTAGE TRANSFER 
CHARACTERISTICS 



Ta— F ree-Air Temperature— °C V| D -Differential Input Voltage-mV V|D-Differential Input Voltage-mV 


FIGURE 4 FIGURE 5 FIGURE 6 



Voltage Comparators 








Voltage Comparators 


TYPES TL820M, TL820C 

DUAL DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 


VS 

FREE-AIR TEMPERATURE 



T A — Free-Air Temperature— C 

FIGURE 7 


COMMON-MODE REJECTION RATIO 


vs 

FREE-AIR TEMPERATURE 



T A — Free-Air Temperature— °C 


COMMON-MODE PULSE RESPONSE 
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i -* 

.on 

vW- 

1^ 




Vcc- = -6V 


V Q ‘ 


No load 

V|C 

l 













n i 








O 40 80 120 160 


t-Time-ns 


FIGURE 8 


FIGURE 9 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 



t— Time— ns 

FIGURE 10 


TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 



FIGURE 11 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vq = 1 .8 V at T A = - 55 °C, 
V 0 = 1.4 V at T a = 25°C, and V 0 = 1 VatT A = 125°C;. for TL820C, V 0 = 1.5 V at T A = 0°C, V 0 = 1.4 V at 25°C, and V 0 = 1.2 V at 
T a = 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 
are intended to drive. 


4-82 


Texas 

Instruments 


POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 







LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TLC372M, TLC372C 
DUAL LinCNIOSTM DIFFERENTIAL COMPARATORS 

D2821, NOVEMBER 1983 


Single- or Dual-Supply Operation 


Wide Range of Supply Voltages 
2 to 18 Volts 


Very Low Supply Current Drain 
0.2 mA Typ 


• Fast Response Time . . . 200 ns Typ for 
TTL-Level Input Step 


JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


COMP 

#1 


fOUTC 

< IN-C 

ljN+ C 

GNDQ 


1 U 8 

2 7 

3 6 

4 5 


INdd. 
Uout ] 

□ IN — J> 

HlN + J 


COMP 

#2 


• Built-In ESD Protection 

• High Input Impedance . . . 10 12 Q Typ 


symbol (each comparator) 


• Extremely Low Input Bias Current 

1 pA Typ 

• Ultra-Stable Low Input Offset Voltage 

• Common-Mode Input Voltage Range 
Includes Ground 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 


OUTPUT 


• Output Compatible with TTL, MOS, and 
CMOS 


description 


This device is fabricated using LinCMOS™ technology and consists of two independent voltage comparators designed 
to operate from a single power supply. Operation from dual supplies is also possible so long as the difference between 
the two supplies is 2 to 18 volts. Each of these devices features extremely high input impedance (typically greater 
than 1012 ohms) allowing direct interfacing with high-impedance sources. The outputs are n-channel open-drain 
configurations, and can be connected to achieve positive-logic wired-AND relationships. 



These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 


The TLC372M is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C. The TLC372C 
is characterized for operation from 0°C to 70 °C. 
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Voltage Comparators 


TYPES TLC372M, TLC372C 

DUAL LinCMOS™ DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TLC374M 

TLC374C 

UNIT 

Supply voltage, Vdd (see Note 1) 

18 

18 

V 

Differential input voltage (see Note 2) 

±18 

±18 

V 

Input voltage, V| 

18 

18 

V 

Output voltage, Vq 

18 

18 

V 

Output current, Iq 

20 

20 

mA 

Duration of output short-circuit to ground (see Note 3) 

unlimited 

unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 

500 

500 

mW 

Operating free-air temperature range 

-55 to 125 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

°C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vqq can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TLC374C chips are glass mounted 
and TLC374M chips are alloy mounted. 

electrical characteristics at specified free-air temperature, Vdd = 5 V (unless otherwise noted) 




*AII characteristics are measured with zero common-mode input voltage unless otherwise specified. 

NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the output up to 4 V or down to 400 mV with a pull-up 
resistor of 2.5 kQ to Vqq. Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and 
input impedance. Full range for T A is -55°C to 125°C for TLC372M, 0°C to 70 °C for TLC372C. 


switching characteristics, Vdd = 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Response time 

Rl connected to 5 V through 5.1 kO, 

Cl = 15 pF*, See Note 6 

100-mV input step with 5-mV overdrive 

650 

ns 

TTL-level input step 

200 


*Cl includes probe and jig capacitance. 

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1 .4 V. 


PARAMETER 

TEST CONDITIONS t 

TLC372M 

TLC372C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

V|C = V|cr min, See Note 5 

25 °C 

2 10 

2 10 

mV 

Full range 

12 

12 

l|Q Input offset current 

See Note 5 

25 °C 

1 

1 

pA 

Full range 

10 

0.3 

nA 

I|q Input bias current 


25 °C 

1 


pA 

Full range 

20 

0.6 

nA 

, , Common-mode input 

V|CR 

voltage range 


25°C 

0 to 

Vcc -1 - 5 

0 to 

v C c- 1 - 5 

V 

Full range 

0 to 

Vcc -2 

0 to 

Vcc - 2 

A Large-signal differential 

voltage amplification 

V DD = 15 V, 

RL > 1 5 kfi to Vqd 

25 °C 

200 

200 

v/mV 

High-level 

•oh 

output current 

V| D = 1 V 

V 0H = 5 V 

25 °C 

0.1 

0.1 

> > 

V 0 H = 15 V 

Full range 

1 

1 

Low-level 

Vol 

output voltage 

V|0 = - 1 V, Iql 4 mA 

25°C 

cn 

O 

■h. 

o 

o 

1 50 400 

mV 

Full range 

700 

700 

Low-level 

■OL 

output current 

V|D = -1 V, Vql = 1.5 V 

25 °C 

6 16 

6 16 

mA 

Supply current 
(two comparators) 

V|d = 1 V, No load 

25°C 

0.2 

0.2 

mA 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TLC374M, TLC374C 
QUADRUPLE LinCMOS™ DIFFERENTIAL COMPARATORS 

D2783, NOVEMBER 1983 


Single- or Dual-Supply Operation 

Wide Range of Supply Voltages 
2 to 18 volts 


Very Low Supply Current Drain 
0.4 mA Typ 


• Fast Response Time . . . 200 ns Typ for 
TTL-Level Input Step 

• Built-In ESD Protection 

• High Input Impedance . . . 10 12 fi Typ 


TLC374M . . . J DUAL-IN-LINE PACKAGE 
TLC374C . . . D, J, OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OUT COMP #1Q 
OUT COMP # 2 □ 

vccC 

COMP ilN-C 
#2 \lN+Q 
COMP 

#1 X IN + C 


T7i 


] OUT COMP #3 
U OUT COMP #4 

Hgnd 

H IN+^l COMP 

UlN-X #4 

U IN +\ COMP 
J\N-J #3 


• Extremely Low Input Bias Current 

1 pA Typ 

• Ultra-Stable Low Input Offset Voltage 

• Common-Mode Input Voltage Range 
Includes Ground 

• Output Compatible with TTL, MOS, and 
CMOS 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 



OUTPUT 


description 

This device is fabricated using LinCMOS™ technology and consists of four independent voltage comparators designed 
to operate from a single power supply. Operation from dual supplies is also possible so long as the difference between 
the two supplies is 2 to 1 8 volts. Each of these devices features extremely high input impedance (typically greater 
than 1012 ohms) allowing direct interfacing with high-impedance sources. The outputs are n-channel open-drain 
configurations, and can be connected to achieve positive-logic wired-AND relationships. The TLC374C is designed 
as a pin-compatible, functional replacement for the LM339, offering twice the speed while consuming typically one- 
half of the power. 



These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

The TLC374M is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C. The TLC374C 
is characterized for operation from 0°C to 70 °C 


33 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 


, Texas 
Instruments 


Copyright © 1983 by Texas Instruments Incorporated 

4-85 


POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Voltage Comparators 



Voltage Comparators 


TYPES TLC374M, TLC374C 

QUADRUPLE LinCMOSTM DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TLC374M 

TLC374C 


Supply voltage (see Note 1) 

18 

18 

1 1 

Differential input voltage (see Note 2) 

±18 

±18 

■on 

Input voltage, V| 

18 

18 

HBH 

Output voltage, Vq 

18 

18 

■m 

Output current, lo 

20 

20 

msm 

Duration of output short-circuit to ground (see Note 3) 

unlimited 

unlimited 

■ ■ 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 

500 

500 

HufPM 

Operating free-air temperature range 

-55 to 125 

0 to 70 

S3 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 

300 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

D or P package 


260 

°c 


NOTES: 1 . All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vqq can cause excessive heating and eventual destruction. 

4. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TLC374C chips are glass mounted 
and TLC374M chips are alloy mounted. 

electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 


D 


^ All characteristics are measured with zero common-mode input voltage unless otherwise specified. 

NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the output up to 4 V or down to 400 mV with a pull-up 
resistor of 2.5 kB to Vqc- Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and 
input impedance. Full range for T^ is -55°C to 125°C for TLC374M, 0°C to 70°C for TLC374C. 


switching characteristics, Vcc = 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS | 

MIN TYP MAX 

UNIT 

Response time 

R[_ connected to 5 V through 5.1 kfl, 

Cl = 15 pF*, See Note 6 

1 00-mV input step with 5-mV overdrive 

0.9 

flS 

TTL-level input step 

0.2 


^Cl includes probe and jig capacitance. 

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1 .4 V. 


PARAMETER 

TEST CONDITIONS * 

TLC374M 

TLC374C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

V|c = V|qr min, See Note 5 

25 °C 

2 10 

2 10 

mV 

Full range 

12 

12 

l|0 Input offset current 

See Note 5 

25 °C 

1 

1 

pA 

Full range 

10 

0.3 

nA 

l|B Input bias current 


25 °C 

1 

1 

pA 

Full range 

20 

0.6 

nA 

Common-mode input 

V|CR 

voltage range 


25°C 

0 to 

Vcc - I - 5 

0 to 

Vcc- 1-5 

V 

Full range 

0 to 

Vcc -2 

0 to 

Vcc - 2 

Large-signal differential 

Avd 

voltage amplification 

V CC = 15 V, 

Rl ^ 1 5 kQ to Vcc 

25 °C 

200 

200 

v/mV 

High-level 

*OH 

output current 

V| D = 1 V 

V 0H = 5 V 

25 °C 

0.1 

0.1 

nA 

V 0H = 15 V 

Full range 

1 

1 

aA 

Low-level 

VoL 

output voltage 

V|D = - 1 V, Iql = 4 mA 

25 °C 

1 50 400 

o 

o 

*t 

o 

in 

mV 

Full range 

700 

700 

Low-level 

•OL 

output current 

V| D = -1 V, Vql = 1.5 V 

25 °C | 

6 16 

6 16 

mA 

Supply current 

•cc 

(four comparators) 

V| D = - 1 V, No load 

25°C 

0.4 1 

0.4 1 

mA 


4-86 


, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


1 
















LINEAR 

INTEGRATED 

CIRCUITS 


• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL Circuits 

• Designed to be Interchangeable with 
Fairchild /iA710 


description 

The uA710 is a monolithic high-speed 
comparator having differential inputs and a low- 
impedance output. Component matching, 
inherent in silicon integrated circuit fabrication 
techniques, produces a comparator with low- 
drift and low-offset characteristics. This circuit 
is especially useful for applications requiring an 
amplitude discriminator, memory sense 
amplifier, or a high-speed voltage comparator. 
The uA7 1 0M is characterized for operation over 
the full military temperature range of - 55 °C to 
1 25 °C. 

schematic 



TYPE uA710M 
DIFFERENTIAL COMPARATOR 

D2229, JUNE 1976-REVISED OCTOBER 1979 


J DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


NC Dl LJl4p NC 


GND C 
IN + C 
IN- £ 
NC C 

VCC- C 6 
NC Z 


13 U NC 
12 H NC 
11 D VcCn 

10 H NC 
9] OUT 
8H NC 


JG DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


GND C 
IN + Z 
IN - Z 
Vec- L 


1 U 8 

2 7 

3 6 

4 5 


H vcch 

U OUT 
U NC 
J NC 


U FLAT PACKAGE 
(TOP VIEW) 


gnd[>i 

IN+ Z 2 
IN- Z3 
NC (I 4 
VqC- C 5 


10 H NC 
9 1 NC 
sH V CC + 
7 D NC 
6 D OUT 


NC — No internal connection 



symbol 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 


=£> 


OUTPUT 
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Voltage Comparators 


TYPE UA710M 

DIFFERENTIAL COMPARATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note 1) 14 V 

Supply voltage VcC- (see Note 1) -7 V 

Differential input voltage (see Note 2) ±5 V 

Input voltage at either input (see Note 1) ±7 V 

Peak output current (t w < 1 s) 10 mA 

Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 3) . . 300 mW 

Operating free-air temperature range -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 300 °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation above 25 °C free-air temperature, refer to the Dissipation Derating Curves in Section 2. In the J and JG packages, uA710M chips 
are alloy mounted. 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, VcC— = — 6 V 
(unless otherwise noted) 



| PARAMETER 

TEST CONDITIONS* 

MIN 

TYP 

MAX 

UNIT 

v IO 

Input offset voltage 

Rs < 200 £1, See Note 4 

25° C 


0.6 

2 

mV 

Full range 

3 

a VIO 

Average temperature coefficient 

of input offset voltage 

R s < 50 n, 

See Note 4 

Full range 


3 

10 

MV/°C 

1 10 

Input offset current 

See Note 4 

25° C 


0.75 

3 

mA 

Full range 


a IIO 

Average temperature coefficient 

See Note 4 

-55° C to 25° C 


5 

25 

nA/°C 

of input offset current 

25° C to 1 25° C 


15 

75 


Input bias current 

See Note 4 

25° C 


13 

20 

juA 

1 IB 

Full range 

45 

V ICR 

Common-mode 

input voltage range 

VCC- = -7 V 

25° C 

±5 

V 

V ID 

Differential input voltage range 


25° C 

±5 

V 

Avd 

Large-signal differential 

No load, 

See Note 4 

25° C 

1250 

1700 



voltage amplification 

Full range 

1000 


v OH 

High-level output voltage 

V|D = 5 mV, 

lOH = “5 mA 

25° C 

2.5 

3.2 

4 

V 

VOL 

Low-level output voltage 

V| D = -5mV, 

IOL = 0 

25° C 

-1 

-0.5 

6* 

V 





25° C 

2 

2.5 



*OL 

Low-level output current 

V| D = -5 mV, 

< 

O 

o 

-55° C 

1 2.3 

mA 





1 25° C 

0.5 

1.7 



r o 

Output resistance 

V 0 = 1 .4 V 

25° C 

200 

n 

CMRR 

Common-mode rejection ratio 

Rs < 200 n 

25° C 

80 

100 


dB 

*CC+ 

Supply current from Vcc+ 

V|D = -5 V to 5 V 

25° C 


5.2 

9 

mA 

•cc- 

Supply current from VqC~ 

(—10 mV for typ). 

25° C 


-4.6 

-7 

mA 

PD 

Total power dissipation 

No load 


25° C 


90 

150 

mW 


NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vq = 1.8 V at 
T/^ = — 55°C, Vq = 1.4 V at T^ = 25°C, and Vq = 1 V at T^ = 125°C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive. 

1 Full range for uA710M is -55°C to 125°C. 

f The algebraic convention where the more-positive (less-negative) limit is designated as maximum is used in this data sheet for logic levels only, 
e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage. 
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TYPE UA710M 
DIFFERENTIAL COMPARATOR 


switching characteristics, Vcc+ = 12 V, VcC— = —6 V, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

TYP 

UNIT 

Response time 

No load, See Note 5 

40 

ns 


NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and 
the instant when the output crosses 1.4 V. 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 


OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVES 



0 20 40 60 80 100 120 



t— Time— ns 


t— Time— ns 


FIGURE 1 


FIGURE 2 
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TYPE UA710M 

DIFFERENTIAL COMPARATOR 


TYPICAL CHARACTERISTICS 


COMMON-MODE PULSE RESPONSE 

VS 

ELAPSED TIME 






















r 

— 

-h 




VQ - 

X 






\ 





— 






1 1 

V C C+ = 12 v 


V U(J 

t a = 

25° 



























40 80 120 

t— Time— ns 


OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 


— 

v OH < V ID 

1 

= 15 mV, Iqh 

J— 

= —0.5 mA) 

— f— 



















1 1 

V C C+ “ 12 V 






v c 


6 V 























v OL ( V ID = ~ 

1 1 

15 mV, 

Iql = 

0) 

_ 




. 

H 





-75 -50 -25 0 25 50 75 100 125 

T/^— Free-Air Temperature— °C 


VOLTAGE TRANSFER CHARACTERISTICS 





H 


TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 


1 9sL- V 'D-° 

J. No load 


V C C+= 12 V _ 

V C C- = -6 V 
V ID =0 


-4 -3 -2 -1 0 1 2 3 4 5 

V ID —Differential Input Voltage-mV 

FIGURE 5 


-75 -50 -25 0 25 50 75 100 125 

T^— Free-Air Temperature—' °C 
FIGURE 6 








LINEAR 

INTEGRATED 

CIRCUITS 


TYPES UA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


■ • Fast Response Times 

■ • Low Offset Characteristics 

I • Output Compatible with Most TTL Circuits 

I • Designed to be Interchangeable with Fairchild 
^A711 and ^A711C 

description 

The uA711 is a high-speed dual-channel 
comparator with differential inputs and a low- 
impedance output. Component matching, 
inherent with silicon monolithic circuit fabrication 
techniques, produces a comparator circuit with 
low-drift and low-offset characteristics. An 
independent strobe input is provided for each of 
the two channels, which when taken low, 
inhibits the associated channel. If both strobes 
are simultaneously low, the output will be low 
regardless of the conditions applied to the 
differential inputs. The comparator output pulse 
duration can be “stretched” by varying the 
capacitive loading. These dual comparators are 
particularly useful for applications requiring an 
amplitude-discriminating sense amplifier with an 
adjustable threshold voltage. 

The uA71 1 M is characterized for operation over 
the full military temperature range of - 55 °C 
to 125°C; the uA711C is characterized for 
operation from 0°C to 70 °C. 


D977, FEBRUARY 1971 -REVISED OCTOBER 1979 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

NCHl Ul4pNC 

#1 IN - £ 2 13 U #1 STRB 

#1 IN+ C 3 12 UGND 

v cc- n Dvcc + 

# 2 IN + E 5 10 H OUT 

#2 IN — □ 6 9H#2 STB 

NC f" 7 sDNC 


U FLAT PACKAGE 
(TOP VIEW) 


•1 

10 

2 

9 

3 

8 

4 

7 

5 

6 


) OUT 
#2 STB 


NC — No internal connection 


functional block diagram 


NONINVERTING 
INPUT IN+ 
INVERTING 
INPUT IN- 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN- 
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Voltage Comparators 


TYPES UA711M, uA711C 

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


schematic 



STROBE 1 OUTPUT STROBE 2 



Component values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



uA711M 

uA71 1C 

UNIT 

Supply voltage Vqc + (see Note 1 ) 

14 

14 

V 

Supply voltage Vcc - (see Note 1 ) 

-7 

-7 

V 

Differential input voltage (see Note 2) 

±5 

±5 

V 

Input voltage (any input, see Note 1) 

±7 

±7 

V 

Strobe voltage (see Note 1 ) 

6 

6 

V 

Peak output current (t w < 1 s) 

50 

50 

mA 

Continuous total power dissipation at (or below) 70 °C free-air temperature (see Note 3) 

300 

300 

mW 

Operating free-air temperature range 

-55 to 125 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

J or U package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

N package 


260 

°C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of uA71 1M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, uA71 1M chips 
are alloy mounted, uA71 1C chips are glass mounted. 
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TYPES UA711M, uA711C 
DUAL CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, VcC— = — 6 V 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

UA711M 

UA711C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|Q Input offset voltage 

R s < 200n, V| C = 0, 

See Note 4 

25° C 

1 3.5 

1 5 

mV 

Full range 

4.5 

6 

Rs < 200 fi. 

See Note 4 

25°C 

1 5 

1 7.5 

Full range 

6 

10 

Average temperature coefficient 

a VIO 

of input offset voltage 

R§ < 200 £7, V| C = 0, 

See Note 4 

Full range 

5 

5 

juV/°C 

1 jo 1 nput offset current 

See Note 4 

25° C 

0.5 10 

0.5 15 

MA 

Full range 

20 

25 

l|B 1 nput bias current 

See Note 4 

25° C 

25 75 

25 100 

mA 

Full range 

150 

150 

l|L(S) Low-level strobe current 

V( strobe) = V|D = 10 mV 

25° C 

-1.2 -2.5 

-1.2 -2.5 

mA 

, , Common-mode input 

V ICR 

voltage range 

V CC — = -7 V 

25 C 

±5 

±5 

V 

Differential input 

V | n 

voltage range 


25 C 

±5 

±5 

V 

Large-signal differential 

a VD 

voltage amplification 

No load, 

Vq = 0 to 2.5 V 

25“C 

750 1 500 

700 1500 


Full range 

500 

500 

v OH High-level output voltage 

V|D=10mV, lOH = 0 

25 ’C 

4.5 5 

4.5 5 

V 

V|d = 10 mV, Iqh = —5 mA 

25° C 

2.5 3.5 

2.5 3.5 

Vql Low-level output voltage 

V !D = -10mV, Iol = 0 

25° C 

-1 -0.5 0t 

1 

1 

o 

cn 

o 

V 

V, D = 10 mV, V (strobe ) = 0.3 V, 
i OL = o 

25 ’C 

-1 Ot 

-1 Ot 

Iql Low-level output current 

V| D = -10mV, V 0 =0 

25 C 

o 

CJI 

o 

bo 

0.5 0.8 

mA 

r Q Output resistance 

V 0 = 1.4 V 

25° C 

200 

200 

il 

CMRR Common-mode rejection ratio 

R s < 200 il 

25’C 

70 90 

65 90 

dB 

*CC+ Supply current from Vqq+ 

V | q = —5 V to 5 V ( — 1 0 mV for typ) , 
Strobes alternately grounded. 

No load 

25 C 

9 

9 

mA 

Iqq_ Supply current from Vqc_ 

25 °C 

-4 

-4 

mA 

Pq Total power dissipation 

25° C 

1 30 200 

130 230 

mW 


t Unless otherwise noted, all characteristics are measured with the strobe of the channel under test open. The strobe of the other channel is grounded. Full 
range for uA71 1 M is - 55 °C to 1 25 °C and for the uA71 1 C is 0°C to 70 °C. 

*The algebraic convention, where the most-positive (least-negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., 
when 0 V is the maximum, the minimum limit is a more-negative voltage. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA71 1 M, Vq = 1 .8 V at T A = - 55 °C, 
Vq = 1 .4 V at T a = 25 °C, and V 0 = 1 V at T A = 125°C; for uA71 1C, V 0 = 1.5 V at T A = 0°C, V 0 = 1 .4 V at T A = 25°C, and V 0 = 1.2 V 
at 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 
are intended to drive. 


switching characteristics, Vcc+ = 12 V, VqC— = —6 V, Ta = 25°C 


PARAMETER 



UA711M 

UA711C 

UNIT 



MIN TYP 

MAX 

MIN TYP MAX 

Response time 

No load. 

See Note 5 

40 

80 

40 

ns 

Strobe release time 

No load. 

See Note 6 

7 

25 

7 

ns 


NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1 .4 V. 

6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1 .4 V. A 5-mV overdrive is then added to the input 
bias voltage to produce an output voltage that rises above 1 .4 V. The time interval is measured from the 50% point on the strobe voltage waveform 
to the instant when the overdriven output voltage crosses the 1 .4-V level. 
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Voltage Comparators 


TYPES UA711M, uA711C 

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 

VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION 


vs 



Ta— F ree-Air Temperature— °C 


FIGURE 1 


VS 

SUPPLY VOLTAGE 



Vcc+— Positive Supply Voltage— V 
FIGURE 2 


INPUT BIAS CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 


TOTAL POWER DISSIPATION 


vs 



-75 -50 -25 0 25 50 75 100 125 


Ta~ F ree-Air Temperature— °C 


FIGURE 3 FIGURE 4 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA71 1 M, Vq = 1 .8 V at Ta = - 55 °C, 
V 0 = 1 .4 V at T A = 25°C, and V 0 = 1 V at T A = 125°C; for uA71 1C, V 0 = 1.5VatT A = 0°C, V 0 = 1 .4 V at T A = 25°C,andV 0 = 1.2 V 
at 70 °C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 
are intended to drive. 
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TYPES UA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


UA711M 

VOLTAGE TRANSFER 
CHARACTERISTIC 


UA711C 

VOLTAGE TRANSFER 
CHARACTERISTICS 


> 

i 


0 

1 

o 

> 



-5 -4 -3 -2 -1 0 1 2 3 4 5 


V|D— Differential Input Voltage— mV 


FIGURE 5 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 



0 20 40 60 80 100 120 

t— Time— ns 

FIGURE 7 



V|D~ Differential Input Voltage— mV 
FIGURE 6 



STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 



t— Time— ns 


FIGURE 8 
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Linear Circuits 



5-1 












Special Functions 


5 


5-2 


SELECTION GUIDE 


SPECIAL FUNCTIONS 


precision timers 

commercial temperature range (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

TIMING 

OUTPUT CURRENT 

PACKAGES 

PAGE 

FROM 

TO 

NE555 

Single Timer 

1 fiS 

1 s 

±200 mA 

D,JG,P 

5-21 

NE556 

Dual Timer 

1 /is 

1 s 

±200 mA 

D,J,N 

5-31 

TLC551C 

LinCMOS, Single High-Speed Timer 

1 (IS 

1 s 

100 mA 

-10 mA 

D,N 

5-89 

TLC552C 

LinCMOS, Dual High-Speed Timer 

1 ixs 

1 s 

100 mA 

- 10 mA 

D,N 

5-93 

TLC555C 

LinCMOS, Single High-Speed Timer 

1 /IS 

1 s 

100 mA 

-10 mA 

D,JG,P 

5-97 

TLC556C 

LinCMOS, Dual High-Speed Timer 

1 flS 

1 s 

100 mA 

- 10 mA 

D,N 

5-97 

UA2240C 

Programmable Timer/Counter 

1 0 fis 

Days 

4 mA 

N 

5-109 


automotive temperature range (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

TIMING 

OUTPUT CURRENT 

PACKAGES 

PAGE 

FROM 

TO 

SA555 

Single Timer 

1 n s 

1 s 

±200 mA 

D,JG,P 

5-21 

SA556 

Single Timer 

1 /i s 

1 s 

±200 mA 

D,J,N 

5-31 


military temperature range (values specified for Ta - 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

TIMING 

OUTPUT CURRENT 

PACKAGES 

PAGE 

FROM 

TO 

SE555 

Single Timer 

1 flS 

1 s 

± 200 mA 

FH,FK,JG 

5-21 

SE555C 

Single Timer 

1 flS 

1 s 

± 200 mA 

FH,FK,JG 

5-21 

SE556 

Single Timer 

1 /iS 

1 s 

±200 mA 

FH,FK,J 

5-31 

SE556C 

Single Timer 

1 /IS 

1 s 

±200 mA 

D,J,N 

5-31 

TLC555M 

LinCMOS, Single High-Speed Timer 

1 jtts 

1 s 

100 mA 

-10 mA 

JG 

5-97 

TLC556M 

LinCMOS, Dual High-Speed Timer 

1 IIS 

1 s 

100 mA 

-10 mA 

J 

5-97 


current mirrors (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

TYPE 

TEMP RANGE 

CURRENT RATIO 

INPUT TO OUTPUT 

INPUT CURRENT 

RANGE 

PACKAGES 

PAGE 

TL010C 

Programmable 

0°C to 70 °C 

3:1 to 1:15 

Variable 

P 

5-49 

TL010I 

Programmable 

-40°C to 85 °C 

3:1 to 1:15 

Variable 

P 

5-49 

TL01 1C 

Fixed 

0°C to 70 °C 

1:1 

1 iiA to 1 mA 

LP 

5-53 

TL01 11 

Fixed 

-40°C to 85 °C 

1:1 

1 jkA to 1 mA 

LP 

5-53 

TL012C 

Fixed 

0°C to 70 °C 

1:2 

1 /iA to 1 mA 

LP 

5-53 

TL012I 

Fixed 

- 40 °C to 85 °C 

1:2 

1 /iA to 1 mA 

LP 

5-53 

TL014C 

Fixed 

0°C to 70 °C 

1:4 

1 ^A to 1 mA 

LP 

5-53 

TL014I 

Fixed 

-40°C to 85 °C 

1:4 

1 /iA to 1 mA 

LP 

5-53 

TL021C 

Fixed 

0°C to 70 °C 

1:2 

2 /iA to 2 mA 

LP 

5-53 

TL021I 

Fixed 

- 40 °C to 85 °C 

1:2 

2 /iA to 2 mA 

LP 

5-53 
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Special Functions 


SELECTION GUIDE 


Hall-effect sensor (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

TEMP RANGE 

SENSITIVITY 

LINEAR RANGE 

(GAUSS) 

PACKAGES 

PAGE 

TL173C 

Linear Hall-Effect Sensor 

0°C to 70 °C 

1 .5 mV/Gauss 

±500 

LP,LU 

5-69 

TL173I 

Linear Hall-Effect Sensor 

-20°C to 85 °C 

1.5 mV/Gauss 

±500 

LP,LU 

5-69 


Hall-effect switches (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

TEMP RANGE 

SWITCHING RANGE 

(GAUSS) 

MAXIMUM 

HYSTERESIS 

(GAUSS) 

PACKAGES 

Q 

TL170C 

General-Purpose 

0°C to 70 °C 

+ 350 to - 350 

200 

LP,LU 

Mill 

TL172C 

Normally-Off 

0°C to 70 °C 

+ 600 to +100 

230 

LP,LU 

me m 

TL160 

Special-Purpose 


Programmable 


LP,LU 



sonar ranging functions (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

APPLICATION 


£29 

TL851 

Controller Circuit 

Control integrated circuit for use in a sonar ranging module. 
Capable of driving 50-kHz transducers with a simple interface. 

N 

m 

TL852 

Receiver Circuit 

Receiver integrated circuit for use in a sonar ranging module. 

N 

5-83 

SN28827 

Sonar Ranging Module 

Sonar ranging module for measuring distances from a range of 

6 inches to 35 feet. Uses the TL851 and TL852. 


5-43 


floppy-disk control circuits (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

PACKAGES 


MC3469 

Write Controller 

N 

5-9 

MC3470 

Read-Amplifier System 

N 

MMIMI 

MC3471 

Write Controller and Head Driver 

N 


TL030 

Four-Head ? Disk-Memory Read Amplifier 

N 

M3EIMB 

TL712 

Disk-Memory Read-Chain Data 

JG,P 

4-63 

TL721 

Disk-Memory Read-Chain Data Comparator Compatible with MECL III and MECL 1000 

JG,P 

4-65 
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SELECTION GUIDE 


differential video amplifiers 


commercial temperature range (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

BANDWIDTH 

GAIN 

PACKAGES 

PAGE 

MCI 445 

Amplifier with 2 multiplexed inputs, wide AGC range 

60 MHz 

100 Max 

J,N 

5-7 

NE592 

Amplifier with internal frequency compensation and 
adjustable/selectable gain options. 

90 MHz 

0 to 600 

N 

5-35 

NE592A 

Similar to NE592 but with tighter gain distribution. 

90 MHz 

0 to 600 

N 

5-35 

TL026 

Amplifier with a wide AGC range 

60 MHz 

100 

JG,P 

5-59 

TL592 

Similar to NE592 but in an 8-pin package. 

90 MHz 

0 to 600 

P 

5-73 

TL592A 

Similar to NE592A but in an 8-pin package. 

90 MHz 

0 to 600 

P 

5-73 

TL592B 

Low-noise version of NE592 and TL592. 

90 MHz 

0 to 600 

N,P 

5-77 

UA733C 

Amplifier with internal frequency compensation. 

200 MHz 

10, 100, 400 

J,U 

5-101 


military temperature range (values specified for Ta = 25 °C) 


DEVICE 

NUMBER 

DESCRIPTION 

BANDWIDTH 

GAIN 

PACKAGES 

PAGE 

MCI 545 

Amplifier with 2 multiplexed inputs, wide AGC range 

60 MHz 

100 Max 

J,N 

5-7 

SE592 

Amplifier with internal frequency compensation and 
adjustable/selectable gain options. 

90 MHz 

0 to 600 

N 

5-35 

UA733M 

Amplifier with internal frequency compensation. 

200 MHz 

10, 100, 400 

J,U 

5-101 
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Special Functions 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES MCI 545, MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 

D2572, JANUARY 1980-REVISED NOVEMBER 1983 


Differential Inputs and Outputs 
Channel Select Time ... 20 ns Typ 
Bandwidth Typically 50 MHz 


MCI 545 . . . J DUAL-IN-LINE OR 
W FLAT PACKAGE 

MCI 445 . . . JORN DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


| • 16-dB Minimum Gain 

• Common-Mode Rejection Typically 85 dB 

• Broadband Noise Typically 25 /tV 

description 

The MCI 545 and MCI 445 are general-purpose, 
gated, dual-channel wideband amplifiers 
designed for use in video-signal mixing and 
switching. Channel selection is accomplished by 
control of the voltage level at the gate. A high 
logic level selects channel A; a low logic level 
selects channel B. The unselected channel will 
have a gain of one or less. 

The MCI 545 is characterized for operation over 
the full military operating temperature range of 
- 55 °C to 1 25 °C. The MCI 445 is characterized 
for operation from 0°C to 70 °C. 


OUT- 
GATE 
IN + B 
IN- B 
IN+ A 
IN- A 
OUT + 


m u,40 


C2 

C 3 

Cs 

C6 

c? 


NC 

NC 

NC 

NC 

NC 

VCC + 
VCC- 


NC — No internal connection 


FUNCTION TABLE 


GATE INPUT 

SELECT 

H 

Channel A 

L 

Channel B 


block diagram 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



MCI 545 

MCI 445 

UNIT 

Supply voltage Vcc + (see Note 1 ) 

+ 12 

+ 12 

V 

Supply voltage VQC- < see Note 1) 

-12 

-12 

V 

Differential input voltage (see Note 2) 

±5 

±5 

V 

Output current 

±25 

±25 

mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 3) 

675 

675 

mW 

Operating free-air temperature range 

-55 to 125 

Oto 75 

°C 

Storage temperature range 

-65 to 150 

- 65 to 1 50 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

J or W package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

N package 

260 

260 

*C 


NOTES: 1 . Voltage values, except differential input voltage, are with respect to the midpoint of Vcc + and Vqq _ . 

2. Differential input voltages are measured at a noninverting input terminal with respect to the appropriate inverting input terminal. 

3. For operation above 25 °C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In the J package, MCI 545 chips are alloy 
mounted; MCI 445 chips are glass mounted. 


Copyright © 1983 by Texas Instruments Incorporated 

, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Special Functions 





Special Functions 


TYPES MCI 545, MC1445 

GATE-CONTROLLED 2 CHANNEL-INPUT VIDEO AMPLIFIER 


electrical characteristics at Vcc + = 5 V, Vcc - = - 5 V, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MCI 545 

MCI 445 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Large-signal single-ended 

Ays 

voltage amplification 

f = 125 kHz, Vj = 20 mV 

16 19 21 

16 19.5 23 

dB 

BW Bandwidth 

Vj = 20 mV 

40 50 

50 

, MHz 

V|o Input offset voltage 


1 5 

7.5 

mV 

l|0 Input offset current 


2 

2 

m a 

l|B Input bias current 


15 25 

15 30 


Common-mode 

V|CR 

voltage range 


±2.5 

±2.5 

V 

Vqq Quiescent output voltage 


0.1 

0.1 

V 

Change in quiescent 

AVqq 

output voltage 

Gate input change 
from 5 V to 0 V 

±15 

±15 

mV 

. , Maximum peak-to-peak 

Vopp 

output voltage swing 

f - 50 kHz, R|_ = 1 k!2 

1.5 2.5 

1.5 2.5 

V 

zj Input impedance 

f = 50 kHz 

4 10 

3 10 

kfi 

z 0 Output impedance 

f = 50 kHz 

25 

25 

12 

Common-mode 

CMRR 

rejection ratio 

f = 50 kHz 

85 

85 

dB 

v Broadband equivalent 

n input noise voltage 

BW = 5 Hz to 10 MHz, 

R S = 50 12 

25 

25 


High-level gate 

Vth 

threshold voltage 

a VS(A) ^ 16 dB, AvS(B) ^ 0 dB 

1.5 2.2 

1.3 3 

V 

, , Low-level gate 

Vti 

threshold voltage 

a VS(B) ^ 16 dB, AvS(A) ^ 0 dB 

0.4 0.7 

0.2 0.4 

V 

l|H High-level gate current 

V| = 5 V 

2 

4 

mA 

l|l_ Low-level gate current 

V| = 0 

2.5 

4 

mA 

Propagation delay time, 

tpLH 

low-to-high-level output 

AVj = 20 mV, 50% to 50% 

6.5 10 

6.5 

ns 

Propagation delay time, 

tpHL 

high-to-low-level output 

AV| = 20 mV, 50% to 50% 

6.3 10 

6.3 

ns 

Transition time, 

tTLH 

low-to-high-level output 

AV| = 20 mV, 10% to 90% 

6.5 15 

6.5 

ns 

Transition time, 

tTHL 

high-to-low-level output 

AV| = 20 mV, 10% to 90% 

7 15 

7 

ns 

ICC + Supply current from Vqc + 

No load. No signal 

7 11 

7 15 

mA 

Iqq Supply current from Vqq_ 

No load, No signal 

-7 -11 

-7 -15 

mA 

Pq Power dissipation 

No load. No signal 

70 110 

70 1 50 

mW 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Designed for Straddle-Erase Heads 

• Head Selection with Current Steering 
Through Write Head and Erase Coil in Write 
Mode 

• Provides High-Impedance (Read Data 
Enable) During Read Mode 


• Write Current (with Trimmed Internal 
Resistor and R e xt =10 kQ) ... 3 A 


• Write-Current Select Input Provides for 
Inner/Outer Track Compensation 


• Degauss Period Externally Adjustable 

• Specified with ±10% Logic Supply and 
Head Supply (Vbb) from 10-8 V to 26.4 V 


• Minimizes External Component 
Requirements 


• Designed to be Interchangeable with 
Motorola MC3469P 


TYPE MC3469 
FLOPPY DISK WRITE CONTROLLER 


D2813, OCTOBER 1983 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Vref C 

1 


*ref C 

2 

15 

GND C 

3 

14 

WG C 

4 

13 

WD C 

5 

12 

R/W2 C 

6 

11 

R/W1 C 

7 

10 

; CUR SEL C 

8_ 

9 


□ CTO 


H ERASEO 
3 COIL GND 


description 

The MC3469 is a write-current controller designed to provide the entire interface for straddle-erase floppy- 
disk heads. The write current can be varied over a wide range by varying the value of an external resistor 
in series with a laser-trimmed internal resistor, and inner-track compensation is provided through the 
WR CUR SEL pin. A constant write current of 3 mA is provided by a 10-kl2 resistor between V re f and 
l re f when WR CUR SEL is low and 4 mA (an increase of 33%) when WR CUR SEL is high. Provisions are 
also made for adjusting the duration of the degaussing cycle that occurs at the end of each write operation. 


The MC3469 will be characterized for operation from 0°C to 70 °C. 

functional block diagram 



WD 


WR CUR SEL 
Vref 
*ref 


WG 

HEAD SEL 



PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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Special Functions 


TYPE MC3469 

FLOPPY-DISK WRITE CONTROLLER 


FUNCTION TABLE 


FUNCTION 

INPUTS 

OUTPUTS 1 

WG 

HEADSEL 

ERASEO 

ERASE1 

CTO 

CT1 

Write Head 0 

L 

H 

L 

H 

H 

L 

Write Head 1 

L 

L 

H 

L 

L 

L 

Write disable 

H 

X 

H 

H 

NC 

NC 


L = Low logic level, H = High logic level 
X =5 Irrelevant, NC EE Maintains previous state 


TABLE OF PIN FUNCTIONS 


SIGNATURE 

PIN 

NUMBER 

DESCRIPTION 

HEAD SEL 

9 

Selects Head 0 or Head 1 

WG 

4 

Active-low write enable 

WD 

5 

Serial data input 

WR CUR SEL 

8 

Selects inner/outer track write current value 

Vref 

1 

Write-current external program resistor terminals 

Iref 

2 

CTO 

14 

Totem-pole output to Head 0 center tap 

ERASEO 

13 

Open-collector erase output to Head 0 

CT1 

16 

Totem-pole output to Head 1 center tap 

ERASE1 

11 

Open-collector erase output to Head 1 

W2 

6 

Constant-current push-pull write outputs 

W1 

7 

v cc 

10 

Positive power supply 

GND 

12, 3 

Power supply return 


5 


5-10 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 




83 



LINEAR 

INTEGRATED 

CIRCUITS 


Combines All Read-Amplifier Active Circuitry 
into One Monolithic Circuit 

Guaranteed Maximum Peak Shift of 5% 

Designed to be Interchangeable with 
Motorola MC3470 


description 

The MC3470 is a monolithic read-amplifier 
system containing all the active circuitry 
necessary for obtaining digital information from 
floppy disk storage. It is designed to accept the 
ac differential signal from the magnetic head and 
produce a digital output pulse corresponding to 
each peak of the input signal. The gain stage 
amplifies the input waveform and applies it to 
an external filter network, enabling the active 
differentiator and time domain filter to produce 
the desired output. 

The MC3470 is characterized for operation from 
0°C to 70 °C. 


TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 

D2759, NOVEMBER 1983 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMPLIFIER 

INPUTS 

OFFSET 

DECOUPLING 

GND 

CXI 

CX/RX1 

CX2 

CX/RX2 


(I 


1 


2 

17 

3 

16 

4 

15 

5 

14 

6 

13 

7 

12 

8 

11 

9 

10 


ft 

1 } 

l> 


VcC2 

AMPLIFIER 

OUTPUTS 

DIFFERENTIATOR 

INPUTS 

DIFFERENTIATOR 

COMPONENTS 

VCCI 

DATA OUTPUT 


functional block diagram 


DIFFERENTIATOR 
INPUTS 


DIFFERENTIATOR 

COMPONENTS 



PRODUCT PREVIEW 
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Special Functions 


TYPE MC3470 

FLOPPY DISK READ-AMPLIFIER SYSTEM 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage, Vcci (see Note 1) 7 V 

Supply voltage, VcC2 16 V 

Input voltage range (amplifier inputs) -0.2 V to 7 V 

Output voltage, Vq (data output) -0.2 V to 7 V 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 



MIN 

NOM 

MAX 

UNIT 

Supply voltage Vqci 

4.75 

5 

5.25 

V 

Supply voltage VqC2 

10 

12 

14 

V 

Timing capacitor CXI (see Note 2) 

150 


680 

pF 

Timing capacitor CX2 

100 


800 

pF 

Timing resistors RX1 and RX2 

1.5 


10 

kfi 

Timing of digital section 

Monostable no. 1 

500 


4000 


Monostable no. 2 

150 


1000 


Operating free-air temperature, T/\ 

0 


70 

°C 


NOTE 2: To minimize current transients, CXI should be kept as small as convenient. 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


electrical characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) 


gain amplifier section 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Differential voltage 

a VD 

amplification 

Vjd = 5 mV rms, f = 200 kHz 

80 100 120 

v/v 

l|B Input bias current 


-10 -25 

M A 

Common-mode input 

V|CR 

voltage range 

THD < 5% 

-0.1 

to 

1.5 

V 

Differential input 

V|dr 

voltage range 

THD < 5% 

±25 

mV 

Peak-to-peak differential 

Vopp 

output voltage 


3 4 

V 

Common-mode 

Vnc 

output voltage 

V| = 0 V, V| D = 0 V 

3 

V 

Differential output 

Vod 

offset voltage 

V| = 0 V, V| D = 0 V, 

T a = 25 °C 

0.4 

V 

Output current 

Iq 

(each amplifier output) 

To ground 

-8 

mA 

From Vcci 

00 

CN 

rj Input resistance 

T a = 25 °C 

100 250 

kO 

Output resistance 
r q 

(single-ended) 

V C C1 = 5 V, V CC 2 = 12 V, 

T A = 25 °C 

15 

fi 

BW Bandwidth (3 dB) 

Vj(j = 2 mV rms, Vcci = 5 V, 

V CC2 = 12 V, T A = 25 °C 

5 

MHz 

„ Common-mode 

CMRR 

rejection ratio 

Vcci = 5 V, V| PP = 200 mV, 

f = 100 kHz, A V d = 40 dB, 

T A = 25 °C 

50 

dB 

Supply voltage 

k SVR 

rejection ratio 

a VD - 40 dB, 

T A = 25 °C 

V C C1 = 5 ± 0.25 V, 

V C C2 = 12 V 

50 

dB 

V C C1 = 5 V, 

V CC 2 = 12 ±2 V 

60 

y Equivalent input 

n noise voltage 

BW = 10 Hz to 1 MHz, 

T A = 25 °C 

15 

mV 


active-differentiator section 


PARAMETER 

TEST CONDITIONS 

MIN TYP 1 ^ MAX 

UNIT 

l s j n k Sink current at pins 12 and 13 

VOD = Vcci 

1 1.4 

mA 

Peak shift 

VCCI = 5 V, V C C2 = 12 V, 

V|DPP = 1 V, f = 250 kHz, 

leap = 500 /iA, See Figure 1 

5% 


rjd Differential input resistance 


30 

kfi 

r oc j Differential output resistance 


40 

fi 


^ All typical values are at Vcci = 5 V, Vcc2 = 12 V, T A = 25°C. 


183 

, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


5-13 


Special Functions 



Special Functions 


TYPE MC3470 

FLOPPY DISK READ-AMPLIFIER SYSTEM 


digital section 


PARAMETER 

TEST CONDITIONS 

MIN TYP t MAX 

UNIT 

High-level output 
voltage (pin 10) 

V C C1 = 4.75 V, V C C2 = 12 V, 

1 o H = _ 0-4 mA 

2.7 

V 

Low-level output 

Vol 

voltage (pin 10) 

VCCI = 4.75 V, V C C2 = 12V, 

lOL = 8 mA 

0.5 

V 

ICC 1 Supply current from Vcci 

Vcci = 5.25 V 

CO 

CJI 

on 

O 

mA 

■CC2 Supply current from Vcc2 

V C C2 = 14 V 

4.5 10 

mA 


timing characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYPt MAX 

UNIT 

tr 

Rise time (pin 10) 


20 

ns 

tf 

Fall time (pin 10) 


25 

ns 

Timing accuracy of 
monostable no. 1 compared 

to 0.625 RX1 . CXI + 200 ns 

RX1 = 1.5 kfi to 10 kfi, 

CXI = 150 pF to 680 pF 

85% 

1 1 5% 


Timing accuracy of 
monostable no. 2 compared 
to 0.625 RX2 • CX2 

RX2 = 1.5 kfi to 10 kfi, 

85% 

1 1 5% 


CX2 = 100 pF to 800 pF 


^ All typical values are at V^ci = 5 V, Vqc2 = 12 V, = 25°C. 
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TYPE MC3470 

FLOPPY DISK READ-AMPLIFIER SYSTEM 


PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT 


INPUT 
(PIN 12) 


OUTPUT 
(PIN 10) 




OUTPUT 
(PIN 10) 


t3 

Timing Accuracy (Mono 1) = X 100% 

1000 ns 


f« t 4 



200 ns 


VOLTAGE WAVEFORMS 
FIGURE 2-TIMING ACCURACY 
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Time Delay Relative to Value at T A = 25°C Supply Current Relative to Value at T A = 25°C 


TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


TYPICAL CHARACTERISTICS 


NORMALIZED POWER SUPPLY CURRENT 

VS 

FREE-AIR TEMPERATURE 


1.05 

1 04 

i i 

Vcci = 5 V 






1 03 

V CC2 = 12 V 

1 1 






i n? 









1 ni 



















1 .00 

0.99 









0.98 






\ 

K 


n q"7 





. 




u.y / 

0.96 









0.95 










0 10 20 30 40 50 60 70 80 

T A = Free-Air Temperature— °C 
FIGURE 3 


NORMALIZED VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 

y , 1 -y 1 

R is between pins 3 and 4 j 

f - 200 kHz 
Vrri = 5 V 


V C C2= 12 V 



10 20 30 40 50 60 70 80 

T A — Free-Air Temperature- 0 C 
FIGURE 4 


NORMALIZED TIME DELAY (PIN 12TO PIN 10) 
vs 

FREE-AIR TEMPERATURE 



VOLTAGE AMPLIFICATION (NORMALIZED) 
and PHASE SHIFT 
vs 

FREQUENCY 


Voltage Amplification 
X (Left Scale) 


Phase Shift 
(Right Scale) 


Vcci = 5 V 

VcC2=12V 
Ta = 25° C 
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Special Functions 


TYPE MC3470 

FLOPPY DISK READ-AMPLIFIER SYSTEM 









description 

The MC3471 is a monolithic integrated write controller/head driver designed to provide the entire interface 
between the write data and head-control inputs and the heads (write and erase) for either tunnel-erase 
or straddle-erase floppy disk systems. 

Provisions are made for selecting a range of accurately controlled write currents by varying the value of 
an external resistor connected between pins 1 and 2. Provisions for head selection during both read and 
write operations are also made. Degaussing the read/write head can be accomplished at the end of each 
write operation by a capacitor attached from pin 1 to ground; the degaussing period is controlled by the 
value of this capacitor. There are additional provisions for adjusting inner/outer track compensation, and 
the delay from write gate to erase turn-on and turn-off. 

Erase delays are controlled by driving the delay inputs D1 and D2 with standard TTL open-collector logic 
(microprocessor compatible), or by using the external RC mode in which the delay is one time constant. 

In addition, the INHIBIT output is provided to indicate when the heads are active during write, degauss, 
or erase. 

The MC3471 will be characterized for operation from 0°C to 70 °C. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES SE555, SE555C, SA555, NES5S 
PRECISION TIMERS 

D1669, SEPTEMBER 1973- REVISED OCTOBER 1983 




Timing from Microseconds to Hours 
Astable or Monostable Operation 
Adjustable Duty Cycle 

TTL-Compatible Output Can Sink or 
Source up to 200 mA 


• Functionally Interchangeable with the 

Signetics SE555, SE555C, SA555, NE555; 
Have Same Pinout 


IME555, SE555, SE555C . . . JG DUAL-IN-LINE PACKAGE 
SA555, NE555 . . . D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


GND C 
TRIG C 
OUT C 
RESET C 


1 U 8 

2 7 

3 6 

4 5 


1 v C c 

u DISCH 
3 THRES 
3 CONT 


description 

These devices are monolithic timing circuits 
capable of producing accurate time delays or 
oscillation. In the time-delay or monostable mode 
of operation, the timed interval is controlled by 
a single external resistor and capacitor network. 
In the astable mode of operation, the frequency 
and duty cycle may be independently controlled 
with two external resistors and a single external 
capacitor. 

The threshold and trigger levels are normally 
two-thirds and one-third, respectively, of VqC- 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below the trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the 
output is low. The reset input can override all 
other inputs and can be used to initiate a new 
timing cycle. When the reset input goes low, the 
flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance 
path is provided between the discharge terminal 
and ground. 

The output circuit is capable of sinking or 
sourcing current up to 200 milliamperes. 
Operation is specified for supplies of 5 to 
1 5 volts. With a 5-volt supply, output levels are 
compatible with TTL inputs. 

The SE555 and SE555C are characterized for 
operation over the full military range of - 55 °C 
to 125°C. The SA555 is characterized for 
operation from - 40 °C to 85 °C, and the NE555 
is characterized for operation from 0°C to 70 °C. 


SE555, SE555C . . 


NC ] 4 
TRIG ] 5 
NC ] 6 
OUT ] 7 
NC ]8 


. FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 

D O 

0 Z O O O 
Z OZ > Z 

1 I l_XC=Tl_JT_J \ 

3 2 1 20 19 


18 [ NC 
17[ 


9 10 11 12 13 
w ra ,r3xzi f~T r~T , 
Ol-Ot-U 
Z ^ Z z 2 
CO o 

yj r; 


DISCH 


16 [ NC 

15[ 


THRES 


14 Q NC 


NC — No internal connection 


functional block diagram 


5 


V C C RESET 



Reset can override Trigger, which can override Threshold. 
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Special Functions 


TYPES SES55, SE555C, SA555, NE555 
PRECISION TIMERS 


FUNCTION TABLE 


RESET 

TRIGGER 
VOLTAGE t 

THRESHOLD 
VOLTAGE 1 

OUTPUT 

DISCHARGE 

SWITCH 

Low 

Irrelevant 

Irrelevant 

Low 

On 

High 

< 1/3 VpD 

Irrelevant 

High 

Off 

| High 

> 1/3 Vqq 

> 2/3 V DD 

Low 

On 

High 

> 1/3 V DD 

< 2/3 V DD 

As previously established 


* Voltage levels shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 18 V 

Input voltage (control voltage, reset, threshold, trigger) Vcc 

Output current ±225 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 600 mW 

Operating free-air temperature range: SE555, SE555C -55°C to 125°C 

SA555 -40°C to 85°C 

NE555 0°C to 70 °C 

Storage temperature range -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package . . . 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260 °C 


NOTES: 1. All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, SE555 and SE555C chips 
are alloy mounted, SA555 and NE555 chips are glass mounted. 


recommended operating conditions 



SE555 

SE555C 

SA555 

NE555 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Supply voltage, Vcc 

4.5 18 

4.5 16 

4.5 16 

4.5 16 

V 

Input voltage (control voltage, 
reset, threshold, trigger) 

vcc 

vcc 

vcc 

vcc 

V 

Output current 

±200 

±200 

±200 

±200 

mA 

Operating free-air temperature, T/\ 

-55 125 

-55 125 

-40 85 

o 

i'- 

o 

°C 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


electrical characteristics at 25 °C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 







SE555 


SE555C, SA555 


PARAMETER 

TEST CONDITIONS 





NE555 


UNIT 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Threshold voltage level 

V CC = 15 v 

9.4 

10 

10.6 

8.8 

10 

11.2 

v 

V CC = 5 V 

2.7 

3.3 

4 

2.4 

3.3 

4.2 


Threshold current 

(see Note 3) 



30 

250 


30 

250 

nA 

Trigger voltage level 

V C C = 15 V 

4.8 

5 

5.2 

4.5 

5 

5.6 


V C C = 5 V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 


Trigger current 

Trigger at 0 V 


0.5 

0.9 


0.5 

2 

/iA 

Reset voltage level 


0.4 

0.7 

1 

0.4 

0.7 

1 

V 

Reset current 

Reset at Vcc 


0.1 

0.4 


0.1 

0.4 

mA 

Reset at 0 V 


-0.4 

-1 


-0.4 

- 1 

Discharge switch 

off-state current 



20 

100 


20 

100 

nA 

Control voltage 

V C C = 1 5 V 

9.6 

10 

10.4 

9 

10 

1 1 

y 

(open circuit) 

V C C = 5 V 

2.9 

3.3 

3.8 

2.6 

3.3 

4 




•OL = 

10 mA 


0.1 

0.15 


0.1 

0.25 



V CC = 1 5 V 

•OL = 

50 mA 


0.4 

0.5 


0.4 

0.75 


Low-level output voltage 

•OL = 

100 mA 


2 

2.25 


2 

3.2 

v 


•OL = 

200 mA 

2.5 

2.5 



V CC = 5 V 

■OL = 

5 mA 


0.05 

0.15 


0.05 

0.25 



•OL = 

8 mA 


0.1 

0.2 


0.25 

0.3 



V C C = 15 V 

•OH :f 

- 1 00 mA 

13 

13.3 


12.75 

13.3 



High-level output voltage 

'OH = 

- 200 mA 

12.5 

12.5 

V 


V CC = 5 V 

•oh = 

- 1 00 mA 

3 

3.3 


2.75 

3.3 




Output low, 

Vcc = 

15 V 


10 

12 


10 

15 


Supply current 

No load 

Vcc = 

5 V 


3 

5 


3 

6 

mA 

Output high. 

Vcc = 

15 V 


9 

10 


9 

13 


No load 

Vcc = 

5 V 


2 

4 


2 

5 



NOTE 3: This parameter influences the maximum value of the timing resistors R A and Rq in the circuit of Figure 13. For example, when Vqc = 5 V the 
maximum value is R = R a + Rg ~ 3.4 Mfi and for Vqq = 15 V the maximum, value is 10 MO. 



operating characteristics, Vqc = 5 V and 15V 


PARAMETER 

TEST 

CONDITIONS^ 

SE555 

\ 

SE555C, SA555 

NE555 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Initial error of 
timing interval * 

Each timer, monostable § 

T A = 25 °C 

0.5 1.5 

1 3 

% 

Each timer, astablel 

1.5 

2.25 

Temperature coefficient 
of timing interval 

Each timer, monostable § 

T A = MIN 

to MAX 

o 

o 

o 

CO 

50 

ppm/°C 

Each timer, astablel 

90 

150 

Supply voltage sensitivity 
of timing interval 

Each timer, monostable § 

T a = 25 °C 

0.05 0.2 

0.1 0.5 

%/v 

Each timer, astablel 

0.15 

0.3 

Output pulse rise time 

C L = 15 pF, 
T a = 25 °C 

100 200 

100 300 

ns 

Output pulse fall time 

1 00 200 

100 300 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

* Timing interval error is defined as the difference between the measured value and the nominal value computed by the formula: t w = 1.1 R a C. 
§Values specified are for a device in a monostable circuit similar to Figure 10, with component values as follow: R^ = 2 kfi to 100 kfi, C = 0.1 /*F. 
^Vallues specified are for a device in an astable circuit similar to Figure 1, with component values as follow: Ra = 1 kfi to 100 kfi, C = 0.1 ^F. 
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Special Functions 


TYPES SE555, SE555C. SA55S, NE5S5 
PRECISION TIMERS 


TYPICAL CHARACTERISTICS t 


LOW-LEVEL OUTPUT VOLTAGE 


LOW-LEVEL OUTPUT VOLTAGE 


LOW-LEVEL OUTPUT VOLTAGE 



2 4 7 10 20 40 70 100 

l()L _ Low-Level Output Current— mA 

FIGURE 1 



2 4 7 10 20 40 70 100 

lOL - Low-Level Output Current— mA 

FIGURE 2 



2 4 7 10 20 40 70 100 

IqL— L ow-Level Output Current— mA' 

FIGURE 3 



DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 



2 4 7 10 20 40 70 100 

•OH - High-Level’ Output Current-mA 

FIGURE 4 


SUPPLY CURRENT 



7 8 9 10 11 12 13 14 15 

Vqc— S upply Voltage— V 

FIGURE 5 


MINIMUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 


LOWEST VOLTAGE LEVEL OF 
TRIGGER PULSE 



Lowest Voltage Level of Trigger Pulse 

FIGURE 6 


NORMALIZED OUTPUT PULSE WIDTH 
(MONOSTABLE OPERATION) 


SUPPLY VOLTAGE 


NORMALIZED OUTPUT PULSE WIDTH 
(MONOSTABLE OPERATION) 




20 


-75 -50 -25 0 25 50 75 100 125 

T/y- Free-Air Temperature— °C 


FIGURE 8 

^Data for temperatures below 0°C and above 70 °C are applicable for SE555 circuits only. 


PROPAGATION DELAY TIME 
LOWEST VOLTAGE LEVEL 



O.IxVqc 0.2xVcc 0.3xVcc 0.4xVcc 

Lowest Voltage Level of Trigger Pulse 
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TYPES SE555, SE555C f SA555 f NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


monostable operation 


v cc 

(5 V to 15 V) 


Ra5 


CONT V CC 
*-C| RESET 
DISCH 


THRES 

TRIG 


GND 


x 

— 4—o 


FIGURE 10-CIRCUIT FOR MONOSTABLE OPERATION 


R/\ = 9.1 kfi 
C L = 0.01 juf 

R. = 1 k.o. 























See Figure 10 
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INPl 
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IT V 

OLT 

AGE 
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r— 




- 

1 



r 






































0 

0. 

1- 

3J 

UT> 

/OL 

TAG 

E 





4 



7 



/ 



1 

4 






J 


u 



7 

1 


7 










CAPACITOR VOLTAGE 

1 1 1 1 1 






Time— 0.1 ms/div 


FIGURE 11-TYPICAL MONOSTABLE WAVEFORMS 


For monostable operation, any of these timers may be connected as shown in Figure 10. If the output 
is low, application of a negative-going pulse to the trigger input sets the flip-flop (Q goes low), drives the 
output high, and turns off Q1 . Capacitor C is then charged through Ra until the voltage across the capacitor 
reaches the threshold voltage of the threshold input. If the trigger input has returned to a high level, the 
output of the threshold comparator will reset the flip-flop (Q goes high), drive the output low, and discharge 
C through Q1 . 


Monostable operation is initiated when the 
trigger input voltage falls below the trigger 
threshold. Once initiated, the sequence will 
complete only if the trigger input is high at the 
end of the timing interval. Because of the 
threshold level and saturation voltage of Q1 , the 
output pulse duration is approximately 
t w = 1.1 RaC. Figure 12 is a plot of the time 
constant for various values of Ra and C. The 
threshold levels and charge rates are both 
directly proportional to the supply voltage, Vcc- 
The timing interval is therefore independent of 
the supply voltage, so long as the supply voltage 
is constant during the time interval. 

Applying a negative-going trigger pulse 
simultaneously to the reset and trigger terminals 
during the timing interval will discharge C and 
re-initiate the cycle, commencing on the positive 
edge of the reset pulse. The output is held low 
as long as the reset pulse is low. When the reset 
input is not used, it should be connected to Vcc 
to prevent false triggering. 
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Special Functions 


TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


astable operation 


r a : 


Vcc 

(5 V to 15 V) 


0.01 

OPEN / T? 4 

(See * ~ T 

Note A) 


rb| r 

_r- 


CONT 

vcc 

RESET 


DISCH 

OUT 

THRES 


TRIG 

GND 


X 

— 4— O! 


NOTE A: Decoupling the control voltage input to ground with a capacitor 
may improve operation. This should be evaluated for individual 
applications. 


R a = 5 kO 
- R b = 3 kL2 

C = 0.15 juF 













R l ~ 1 k!2 

See Figure 13 







































~t H - 









t|_ “• — o 

UTPUT VC 

)LTA 

GE 




V/* 

V/ 

T 

7 

T 



/ 


y 


rt 

\ 




1 1 1 1 1 




Time— 0.5 ms/div 


FIGURE 13-CIRCUIT FOR ASTABLE OPERATION 


FIGURE 14-TYPICAL ASTABLE WAVEFORMS 



Addition of a second resistor, Rb, to the circuit of Figure 10, as shown in Figure 13, and connection of 
the trigger input to the threshold input will cause the timer to self-trigger and run as a multivibrator. The 
capacitor C will charge through Ra and Rb then discharge through Rb only. The duty cycle may be controlled, 
therefore, by the values of Ra and Rb- 

This astable connection results in capacitor C charging and discharging between the threshold-voltage 
level ( *0.67* Vcc) and the trigger-voltage level ( »0.33*Vcc)- As in the monostable circuit, charge and 
discharge times (and therefore the frequency and duty cycle) are independent of the supply voltage. 

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration 


tH and low-level duration t|_ may be found by: 

t H = 0.693 (r a + Rb) c 
t L = 0.693 (Rb) c 

Other useful relationships are shown below, 
period = tH + tL = 0.693 (Ra + 2Rb) C 

frequency “ (r a + 2RbTc 

tL Rb 

Output driver duty cycle = t| _, + t[ _ = r a + 2 r b 

tH RB 

Output waveform duty cycle 1 - Ra - 2Rb 

^ Rb 

Low-to-high ratio = ^ = r a + r b 



C— Capacitance— mF 


FIGURE 15— FREE-RUNNING FREQUENCY 
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TYPES SE555, SE555C, SA555, NES55 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


missing-pulse detector 


Vcc < 5 v to 15 V) 


(4) 


( 2 ) 


o.oi mF 


l 

f 1 


(8) 


RESET V C C 

OUTPUT 


DISCHARGE 


CONTROL 

VOLTAGE THRES- 
HOLD 

GND 


1 


(7) . 


( 6 ) 


(1) 


Ra 

- OUTPUT 


1 1 

Vcc = 5 v 

■ r a = i kn 
C = 0.1 mF 

— 














Sec 

Fig 

ure 1 

6 










2 










1 

INPL 

IT V 

DLT 

AGE 




— 

— 

— 

— 

— 
























C 

>UTF 

»UT 

A 

VOL 

TAC 

;e 



2 

2 

2 


7 


t7| 

]2 

2 


r 

f 


f 


r~ 

f 

f 

r 




CAPACITOR VOLTAGE 

1 1 1 1 1 




Time— 0.1 ms/div 


FIGURE 16-CIRCUIT FOR MISSING-PULSE DETECTOR 


FIGURE 17-MISSING-PULSE DETECTOR WAVEFORMS 


The circuit shown in Figure 1 6 may be utilized to detect a missing pulse or abnormally long spacing between 
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is continuously 
retriggered by the input pulse train as long as the pulse spacing is less than the timing interval. A longer 
pulse spacing, missing pulse, or terminated pulse train will permit the timing interval to be completed, 
thereby generating an output pulse as illustrated in Figure 17. 


frequency divider 

By adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operate as a 
frequency divider. Figure 18 illustrates a divide-by-3 circuit that makes use of the fact that retriggering 
cannot occur during the timing cycle. 



v C c = 5 V 

- R A = 1250 
C = 0.02 ju 

- r l = i kn 

See Figure 
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CAPACITOR VOLTAGE 
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Time— 0.1 ms/div 


FIGURE 18-DIVIDE-BY-THREE CIRCUIT WAVEFORMS 
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TYPES SE555, SE555C, SA555, NES55 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


pulse-width modulation 


Vcc (5 V to 15 V) 


(4) | 

| (8) 

RESET 

v C c 

TRIGGER 

OUTPUT 

DISCHARGE 

CONTROL 

VOLTAGE 

GND 

THRES- 

HOLD 


CLOCK (2) 
INPUT 


INPUT - 
(See Note B) 


NOTE B: The modulating signal may be direct or capacitively coupled to 
the control voltage terminal. For direct coupling, the effects of 
modulation source voltage and impedance on the bias of the timer 
should be considered. 

FIGURE 19-CIRCUIT FOR PULSE-WIDTH MODULATION 


“ 3 kS2 

C - 0.02 juF 

\ See Figure 19 

•" TO " 

MODULATION INPUT VOLTAGE 


'llllllll lllOlT 

I 

IIIIIIIDHIDli il 

hr 

' CLOCK INPUT VOLTAGE 


. ■‘ininintinl- -4 

T" 

tmjjf t 


tlTt ti ll LI U JL 

II 

Ol ITPI IT \/ni TAT 

JE 

. i , ' UUIrUI VULlAv 

Hilklil ll\ll\i 1 


ulWlmimu 

UL 

CAPACITOR VOLTAGE 

1 1 1 1 1 1 i 



Time— 05 ms/div 


FIGURE 20-PULSE-WIDTH MODULATION WAVEFORMS 


The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This 
is accomplished by applying an external voltage (or current) to the control voltage pin. Figure 1 9 is a circuit 
for pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the 
threshold voltage is modulated by a control signal. The resultant effect is a modulation of the output pulse 
width, as shown in Figure 20. A sine-wave modulation signal is illustrated, but any wave-shape could be 
used. 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


pulse-position modulation 


V C C ( 5 V to 15 V) 


(4) 


MODULATION 
INPUT - 
(See Note B) 


( 8 ) 


(2) 

RESET 

V CC 

(3) , 

TRIGGER 




DISCHARGE 

(7) 


(5) 

CONTROL 

(6) 


VOLTAGE 

THRES- 


HOLD 



! GND | 



1 


r lJ |Ra 


(1) 


r b 


NOTE B: The modulating signal may be direct or capacitively coupled to 
the control voltage terminal. For direct coupling, the effects of 
modulation source voltage and impedance on the bias of the timer 
should be considered. 



Time— 0.1 ms/div 


FIGURE 21-CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 22-PULSE POSITION-MODULATION WAVEFORMS 


Any of these timers may be used as a pulse-position modulator as shown in Figure 21 . In this application, 
the threshold voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows 
such a circuit, with a triangular-wave modulation signal, however, any modulating wave-shape could be 
used. 
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Special Functions 


TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


sequential timer 


Vcc 



Re = 100 kfi 

S closes momentarily at t = 0. 

FIGURE 23— SEQUENTIAL TIMER CIRCUIT 

Many applications, such as computers, require signals for initializing conditions during start-up. Other 
applications such as test equipment require activation of test signals in sequence. These timing circuits 
may be connected to provide such sequential control. The timers may be used in various combinations 
of astable or monostable circuit connections, with or without modulation, for extremely flexible waveform 
control. Figure 23 illustrates a sequencer circuit with possible applications in many systems and Figure 24 
shows the output waveforms. 



— 

See Fig 
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ure 23 
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FIGURE 24— SEQUENTIAL TIMER WAVEFORMS 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Two Precision Timing Circuits per Package 

• Astable or Monstable Operation 

• TTL-Compatible Output can Sink or Source up 
to 150 mA 

• Active Pull-Up or Pull-Down 

• Designed to be Interchangeable with Signetics 
SE556, SE556C, SA556, NE556 


APPLICATIONS 

Precision Timer from 
Microseconds to Hours 
Sequential Timer 
Pulse-Shaping Circuit 
Pulse Generator 
Missing-Pulse Detector 
Tone-Burst Generator 
Pulse-Width Modulator 
Time-Delay Circuit 
Frequency Divider 
Pulse-Position Modulator 
Appliance Timer 
Touch-Tone Encoder 
Industrial Controls 


description 

These devices provide two monolithic, 
independent timing circuits of the SE555, 
SE555C, SA555, or NE555 type in each 
package. These circuits can be operated in the 
astable or the monostable mode with external 
resistor-capacitor timing control. The basic 
timing provided by the RC time constant may be 
actively controlled by modulating the bias of the 
control voltage input. 

The threshold and trigger levels are normally 
two-thirds and one-third respectively of V£C- 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the 
output is low. The reset input can override all 
other inputs and can be used to initiate a new 
timing cycle. When the reset input goes low, the 
flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance 
path is provided between the discharge terminal 
and ground. 


TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

D2440, APRIL 1978-REVISED OCTOBER 1983 


SE556 . . . J 

SE556C, SA556, NE556 . . . D, J, OR N 
DUAL IN LINE PACKAGE 
(TOP VIEW) 


TIMER 

#1 


"DISCHQ 
THRESH 
CONTd 
RESET H 
OUTH 
TRIGH i 
GNDiH 


TT 


Hvcc 
Udisch" 
2 Hthres 

HCONT 
H RESET 
U OUT 

Utrig 


TIMER 

#2 


#1 CONT ]4 
NC ]5 
#1 RESET ] 6 
NC ] 7 
#1 OUT ]8 


. . FH OR FK PACKAGE 
(TOP VIEW) 


<n x 
£ u 


<J 
CO 

CJ Q 
(J (J <N 

z > =* 


3 2 1 20 19 


9 10 11 12 13 

..nnnnn 

OOOOH 
E 2 z E ^ 
H o 


18 [ #2 THRES 

17 [ NC 

16 [ #2 CONT 

15 [ NC 

14 [ #2 RESET 


NC — No internal correction 


functional block diagram (each timer) 



V CC RESET 



Reset can override Trigger, which can override Threshold. 
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Special Functions 


TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


The SE556 and SE556C are characterized for operation over the full military range of - 55 °C to 1 25 °C. 
The SA556 is characterized for operation from -40°C to 85 °C, and the NE556 is characterized for 
operation from 0°C to 70 °C. 


FUNCTION TABLE 


RESET 

TRIGGER 

VOLTAGE* 

THRESHOLD 
VOLTAGE t 

OUTPUT 

DISCHARGE 

SWITCH 

Low 

Irrelevant 

Irrelevant 

Low 

On 

High 

< 1/3 V DD 

Irrelevant 

High 

Off 

High 

> 1/3 V DD 

> 2/3 Vqd 

Low 

On 

High 

> 1/3 V DD 

< 2/3 V DD 

As previously established 


^Voltage levels shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 18V 

Input voltage (control voltage, reset, threshold, trigger) Vcc 

Output current ±225 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 600 mW 

Operating free-air temperature range: SE556, SE556C -55°Cto 125°C 

SA556 -40°C to 85 °C 

NE556 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or J package .... 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, SE556 and SE556C chips are 
alloy mounted, SA556 and NE556 chips are glass mounted. 



recommended operating conditions 



SE556 

SE556C 

SA556 

NE556 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Supply voltage, Vcc 

4.5 . 18 

4.5 16 

4.5 16 

4.5 16 

V 

Input voltage (control voltage, reset, threshold, trigger) 

V CC 

V CC 

V CC 

Vcc 

V 

Output current 

±200 

±200 

±200 

±200 

mA 

Operating free-air temperature, Ty\ 

-55 125 

-55 125 

-40 85 

0 70 

°C 
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TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


electrical characteristics at 25 °C free-air temperature. Vcc = 5 V to 15 V (unless otherwise noted) 









SE556C, SA556 





SE556 



NE556 

... 

UNIT 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Threshold voltage level 

V CC = 15 V 

9.4 

10 

10.6 

8.8 

10 

11.2 


V C C = 5 V 

2.7 

3.3 

4 

2.4 

3.3 

4.2 


Threshold current (see Note 1) 



30 

250 


30 

250 

nA 

Trigger voltage level 

V C C = 15 V 

4.8 

5 

5.2 

4.5 

5 

5.6 


V CC = 5 V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 


Trigger current 

Trigger at 0 V 


0.5 

0.9 


0.5 

2 

**A 

Reset voltage level 


0.4 

0.7 

1 

0.4 

0.7 

1 

V 

Reset current 

Reset at Vcc 


0.1 

0.4 


0.1 

0.4 

mA 

Reset at 0 V 


-0.4 

-1 


-0.4 

-1 



■H 

20 

100 


20 

100 

nA 

Control voltage (open-circuit) 


9.6 

10 

10.4 

9 

10 

11 


Vcc = 5 V 

2.9 

3.3 

3.8 

2.6 

3.3 

4 

V 



>0L = 

10 mA 


0.1 

0.15 


0.1 

0.25 



< 

o 

o 

II 

cn 

< 

•OL = 

50 mA 


0.4 

0.5 


0.4 

0.75 


Low-level output voltage 

•OL = 

100 mA 


2 

2.25 


2 

3.2 

\/ 


>OL = 

200 mA 

2.5 

25 



Vcc = 5 V 

•OL = 

5 mA 


0.05 

0.15 


0.05 

0.25 



•OL = 

8 mA 


0.1 

0.2 


0.25 

0.3 



V CC = 15 V 

<OH = 

- 1 00 mA 

13 

13.3 


12.75 

13.3 



High-level output voltage 

•oh = 

- 200 mA 

_ 12.5 

12.5 

V 


V C C = 5 V 

•oh = 

-100 mA 

3 

3.3 


2.75 

3.3 




Output low. 

v cc = 

15 V 


20 

24 


20 

30 


Supply current 

No load 

Vcc = 

5 V 


6 

10 


6 

12 

mA 

Output high, 

Vcc = 

15 V 


18 

20 


18 

26 


No load 

Vcc = 

5 V 


4 

8 


4 

10 



NOTE 1: This parameter influences the maximum value of the timing resistors R A and Rg in the circuit of Figure 1. For example, when Vrr = 5 V the 


5 


operating characteristics, Vcc = 5 V and 15V 


PARAMETER 

TEST 

CONDITIONS t 

SE556 

SE556C, SA556 

NE556 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Initial error of 
timing interval * 

Each timer, monostable § 

T A = 25 °C 

0.5 1.5 

1 3 

% 

Each timer, astablel 

1.5 

2.25 

Timer 1 — Timer 2 

±0.5 

±1 

Temperature 

coefficient of 

timing interval 

Each timer, monostable § 

T A = MIN 

to MAX 

o 

o 

o 

00 

50 

ppm/°C 

Each timer, astable^ 

90 

150 

Timer 1 — Timer 2 

±10 

±10 

Supply voltage 
sensitivity of 
timing interval 

Each timer, monostab;e§ 

T A = 25 °C 

0.05 0.2 

0.1 0.5 

%/V 

Each timer, astablef 

0.15 

0.3 

Timer 1 — Timer 2 

±0.1 

±0.2 

Output pulse rise time 

C L = 1 5 pF, 

T a = 25 °C 

100 200 

100 300 

ns 

Output pulse fall time 

100 200 

100 300 

ns 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

* Timing interval error is defined as the difference between the measured value and the nominal value computed by the formula: t w = 1.1 R A C. 

§ Values specified are for a device in a monostable circuit similar to Figure 2, with component values as follow: Ra = 2 kQ to 100 kO, C = 0.1 /tF. 
^Values specified are for a device in an astable circuit similar to Figure 1, with component values as follow: Ra = 1 kO to 100 kli, C = 0.1 /tF. 
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Special Functions 


TYPES SE556, SE5S6C, SA556, NE556 
DUAL PRECISION TIMERS 



NOTE A: Bypassing the control voltage input to ground 
with a capacitor may improve operation. This 
should be evaluated for individual applications. 

FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 



Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 




LINEAR 

INTEGRATED 

CIRCUITS 


TYPES SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


D2667, FEBRUARY 1984 


• 90-MHz Bandwidth 

• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 

• Designed to be Interchangeable 
with Signetics SE592 and NE592 


description 

These devices are monolithic two-stage amplifiers with differential inputs and differential outputs. 

Internal series-shunt feedback provides wide bandwidth, low phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the devices to drive capacitive loads, and all stages are current-source 
biased to obtain high common-mode and supply-voltage rejection ratios. 

Fixed differential amplification of 1 00 or 400 may be selected without external components; or amplification 
may be adjusted from 0 to 400 by the use of a single external resistor connected between the gain- 
adjustment pins 1A and IB. External frequency-compensating components are not required for any gain 
option. 

The devices are particularly useful in magnetic-tape or disc-file systems using phase or NRZ encoding and 
in high-speed thin-film or plated-wire memories. Other applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, and excellent gain stability are required. 

The SE592 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The NE592 and NE592A are characterized for operation from 0°C to 70 °C. 

schematic symbol 




All resistor values shown are in ohms and nominal. 
In NE592 or SE592, R1 = 500 0, R2 = 500 0. 
In NE592A, R1 =600 0, R2 = 600 Q. 


Copyright © 1983 by Texas Instruments Incorporated 
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Special Functions 


TYPES SE592, NE592 r NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc+ (see Note D 8 V 

Supply voltage Vcc- (see Note 1) -8 V 

Differential input voltage ±5 V 

Common-mode input voltage ±6 V 

Output current 10 mA 

Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 2) .... 500 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 


NOTES: 1 . All voltage values except differential input voltages are with respect to the midpoint between Vcc + anc * V qq - • 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the J package, SE592 chips are alloy mounted, 
NE592 and NE592A chips are glass mounted. 


recommended operating conditions 



SE592 

NE592 

NE592A 

UNIT 

MIIM NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc + 

3 6 8 

3 6 8 

V 

Supply voltage, Vcc- 

00 

CO 

1 

CO 

1 

CO 

I 

Oi 

00 

V 

Operating free-air temperature, Ta 

-55 125 

0 70 

°c 
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TYPE SE592 
DIFFERENTIAL VIDEO AMPLIFIER 


electrical characteristics at 25 °C operating free-air temperature, Vqc+ = 6 V, VqC- = -6 V 
(unless otherwise noted) 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

GAIN 
OPTION t 

SE592 

UNIT 

MIN TYP MAX 

Large-signal differential 

A\/D 

voltage amplification 

1 

V 0 pp = 3 V, R L = 2 kfi 

1 

300 400 500 

v/v 

2 

CO 

o 

o 

o 

o 

BW Bandwidth ( -3 dB) 

2 

Vqpp = 1 V 

1 

40 

MHz 

2 

90 

1)0 Input offset current 



1, 2, or 3 

0.4 3 


l|B Input bias current 



1, 2, or 3 

9 20 

aA 

Common-mode 

V| C R 

input voltage range 

3 


1,2, or 3 

±1 

V 

Common-mode 

Vnc 

output voltage 

1 

R[_ = oo 

1, 2, or 3 

2.4 2.9 3.4 

V 

Vqq Output offset voltage 

1 

8 

11 

_i 

tr 

o 

o 

> 

1 

1.5 

V 

2 

1 

3 

0.35 0.75 

Maximum peak-to-peak 

Vnpp 

' ‘ output voltage swing 

1 

R L = 2 kQ 

1, 2, or 3 

3 4 

V 

rj Input resistance 



1 

4 

kQ 

2 

20 30 

r 0 Output resistance 




20 

Q 

Cj Input capacitance 




2 

pF 

Common-mode 

CMRR 

rejection ratio 

3 

V| C = ± 1 V, f = 100 kHz 

2 

60 86 

dB 

3 

V| C = ±1 V, f = 5 MHz 

2 

60 

Supply-voltage rejection 
ratio (AVcc/AN/iq) 

4 

AV C C + = ±0.5 V, 

AVqC- = ±0.5 V 

2 

50 70 

dB 

y Broadband equivalent 

n noise voltage 

4 

BW = 1 kHz to 10 MHz 

1, 2, or 3 

12 

mV 

Propagation 
t,3C * delay time 

2 

AVo = 1 V 

1 

7.5 

ns 

2 

6 10 

t r Rise time 

2 

AVq = 1 V 

1 

10.5 

ns 

2 

4.5 10 

Maximum output 
'sinMmax) sjnk current * 



1 , 2, or 3 

3 4 

mA 

ICC Supply current 


No load, No signal 

1, 2, or 3 

00 

mA 


t The gain option is selected as follows: 

Gain Option 1 . . Gain Adjust pin 1A is connected to pin IB, pins 2A and 2B are open. 

Gain Option 2 . . Gain Adjust pin 2A is connected to pin 2B, pins 1A and IB are open. 

Gain Option 3 . . All Gain Adjust pins are open. 

* For interchangeability considerations it should be kept in mind that this parameter is not guaranteed by all major manufacturers of SE592 as of the publication 
of this data sheet. 
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Special Functions 


TYPE SE592 

DIFFERENTIAL VIDEO AMPLIFIER 


electrical characteristics over recommended operating free-air temperature range, Vcc + = 6 V, 
Vqc - = - 6 V (unless otherwise noted) 


PARAMETER 

TEST 

TEST CONDITIONS 

GAIN 

SE592 

UWIT 

FIGURE 

OPTION t 

MIN TYP 

MAX 


AVD 

Large-signal differential 


V 0 pp = 3 V 

1 

200 

600 

v/v 

voltage amplification 

1 

2 

80 

120 

ho 

Input offset current 



1 or 2 

5 


>IB 

Input bias current 



1 or 2 

40 

^A 

V ICR 

Common-mode 

input voltage range 

3 


1 or 2 

±1 

V 





1 

1.5 


v OO 

Output offset voltage 

1 

V|D =0, R L = oo 

2 

1.2 

V 





3 

1 


VOPP 

Maximum output voltage 
peak-to-peak swing 

1 

R L = 2 kfi 

1 or 2 

2.5 

V 

n 

Input resistance 



2 

8 

kfi 

CMRR 

Common-mode 

rejection ratio 

3 

V| C = ±1 V, f = 100 kHz 

2 

50 

dB 

kSVR 

Supply voltage rejection 
ratio (AVcc/AV|q) 

4 

AVcc+ = ±0.5 V, 

AV CC - = ±0.5 V 

2 

50 

dB 

Isink(max) 

Maximum output 
sink current 



1, 2, or 3 

2.5 

mA 

>cc 

Supply current 

1 

No load. No signal 

1, 2, or 3 

27 

mA 


* The gain option is selected as follows: 

Gain Option 1 . . Gain Adjust pin 1A is connected to pin IB; pins 2A and 2B are open. 
Gain Option 2 . . Gain Adjust pin 2A is connected to pin 2B; pins 1A and IB are open. 
Gain Option 3 . . All Gain Adjust pins are open. 
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electrical characteristics at 25 °C operating free-air temperature, Vcc + = 6 V, Vcc - = - 6 V 
(unless otherwise noted) 



PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

GAIN 
OPTION t 

NE592 

NE592A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Large signal differential 
voltage amplification 

1 

V 0 pp = 3 V, R|_ = 2 kQ 

1 

250 400 600 

400 440 600 

v/v 

2 

80 100 120 

o 

CM 

o 

o 

o 

00 

BW Bandwidth (-3 dB) 

2 

> 

li 

Q_ 

Q. 

O 

> 

1 

40 

40 

MHz 

2 

90 

90 

l|Q Input offset current 



1, 2, or 3 

0.4 5 

0.4 5 

**A 

1|B Input bias current 



1, 2, or 3 

9 30 

10 30 

m a 

Common-mode 

V|CR 

input voltage range 

3 


1, 2, or 3 

±1 

±1 

V 

Common-mode 

Vnc 

output voltage 

1 

R|_ = 00 

1, 2, or 3 

2.4 2.9 3.4 

2.4 2.9 3.4 

V 

Vqo Output offset voltage 

1 

8 

ll 

cc 

o 

ll 

Q 

> 

1 or 2 

1.5 

1.5 

V 

3 

0.35 0.75 

0.35 0.75 

Maximum peak-to-peak 

Vopp 

output voltage swing 

1 

R L = 2 kfl 

1, 2, or 3 

3 4 

3 4 

V 

rj Input resistance 



1 

4 

4 

kfi 

2 

10 30 

10 30 

r Q Output resistance 




20 

20 

Q 

Cj Input capacitance 




2 

2 

PF 

Common-mode 

CMRR 

rejection ratio 

3 

V| C =±1 V, f = 100 kHz 

2 

CO 

CO 

o 

CO 

60 86 

dB 

3 

V| C = ±1 V, f = 5 MHz 

2 

60 

60 

Supply-voltage rejection 
kSVR ratio (AVcc/AViq) 

4 

AVcc+ = ±0.5 V, 

AVcc- - ±0.5 V 

2 

50 70 

50 70 

dB 

y Broadband equivalent 

n noise voltage 

4 

BW = 1 kHz to 10 MHz 

1, 2, or 3 

12 

12 

f»V 

Propagation 
delay time 

2 

AVq = 1 V 

1 

7.5 

7.5 

ns 

2 

6 10 

6 10 

t r Rise time 

2 

AV 0 = 1 V 

1 

10.5 

10.5 

ns 

2 

4.5 12 

4.5 12 

Maximum output 
^inklmax) sink current t 



1, 2, or 3 

3 4 

3 4 

mA 

ICC Supply current 


No load, No signal 

1, 2, or 3 

18 24 

19 24 

mA 


* The gain option is selected as follows: 

Gain Option 1 . . Gain Adjust pin 1A is connected to pin IB, pins 2A and 2B are open. 

Gain Option 2 . . Gain Adjust pin 2A is connected to pin 2B, pins 1A and IB are open. 

Gain Option 3 . . All Gain Adjust pins are open. 

* For interchangeability considerations it should be kept in mind that this parameter is not guaranteed by all major manufacturers of NE592 as of the publication of this data sheet. 
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DIFFERENTIAL VIDEO AMPLIFIERS 
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electrical characteristics over recommended operating free-air temperature range, Vqc + = 6 V, Vqc _ = - 6 V 
(unless otherwise noted) 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

GAIN 
OPTION t 

NE592 

NE592A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Large-signal differential 
voltage amplification 

1 

V 0 pp = 3 V 

1 

250 600 

400 600 

V/V 

2 

80 120 

o 

CM 

T " 

o 

00 

l|0 Input offset current 



1 or 2 

6 

6 

A A 

l|B Input bias current 



1 or 2 

40 

40 


Common-mode 

V|CR 

input voltage range 

3 


1 or 2 

±1 

±1 

V 

Vqo Output offset voltage 

1 

V |Q = 0, R[_ = oo 

1 or 2 

1.5 

1.5 

V 

3 

1 

1 

Maximum output voltage 

Vopp 

peak-to-peak swing 

1 

R L = 2 kfi 

1 or 2 

2.8 

2.8 

V 

rj Input resistance 



2 

8 

8 

kQ 

Common-mode 

CMRR 

rejection ratio 

3 

V| C = ±1 V, f = 100 kHz 

2 

50 

50 

dB 

Supply voltage rejection 
kSVR ratio (AV CC /AV| 0 ) 

4 

AV C C+ = ±0.5 V, 

AVee- = ±0.5 V 

2 

50 

50 

dB 

Maximum output 
'sink(max) s|nk current 



1, 2, or 3 


2.8 4 

mA 

ICC Supply current 

1 

No load. No signal 

1, 2, or 3 

27 

27 

mA 


* The gain option is selected as follows: 

Gain Option 1 . . Gain Adjust pin 1 A is connected to pin 
Gain Option 2 . . Gain Adjust pin 2A is connected to pin 
Gain Option 3 . . All Gain Adjust pins are open. 


1 B; pins 2A and 
2B; pins 1A and 


2B 

IB 


are open, 
are open. 


fo 


TYPES NE592, NE592 
DIFFERENTIAL VIDEO AMPLIFIERS 



TYPES SE592, NE592, NES92A 
DIFFERENTIAL VIDEO AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1 


0.2 mF 



FIGURE 2 



FIGURE 3 FIGURE 4 
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description 

The SN28827 is an economical sonar ranging module that can drive a 50-kilohertz, 300-volt electrostatic 
transducer with no additional interface. This module, with a simple interface, is able to measure distances 
ranging from 6 inches to 35 feet. The typical absolute accuracy is ±2% at one foot or greater. 

This module has an external blanking input that allows selective echo exclusion for operation in a multiple- 
echo mode. The module is able to differentiate echos from objects that are only three inches apart. The 
digitally controlled-gain, variable-bandwidth amplifier minimizes noise and side-lobe detection in sonar 
applications. 

The module has an accurate ceramic-resonator-controlled 420-kilohertz time-base generator. An output 
based on the 420-kilohertz time base is provided for external use. The sonar transmit output is 1 6 cycles 
at a frequency of 49.4 kilohertz. 

The SN28827 operates over a supply voltage range of from 4.5 volts to 6.8 volts and is characterized 
for operation from 0°C to 40 °C. 

absolute maximum ratings 


Voltage from any pin to ground (see Note 1 ) 7 V 

Voltage from any pin except XDCR to Vcc (see Note 1) -7 V to 0.5 V 

Operating free-air temperature range 0°C to 40 °C 

Storage temperature range -40°C to 85 °C 


NOTE 1 : The XDCR pin may be driven from - 1 volt to 300 volts typical with respect to ground. 
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Special Functions 


TYPE SN28827 
SONAR RANGING MODULE 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vcc 

4.5 6.8 

V 

High-level input voltage, V|n 

BLNK, BINH, INIT 

2.1 

V 

Low-level input voltage, V|l 

BLNK, BINH, INIT 

0.6 

V 

ECHO and OSC output voltage 

6.8 

V 

Delay time, power up to INIT high 

5 

ms 

Recycle period 

80 

ms 

Operating free-air temperature, T A 

0 40 

°C 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input current 

BLNK, BINH, INIT 

V| = 2.1 V 

1 

mA 

High-level output current, Ioh 

ECHO, OSC 

V 0H = 5.5 V 

100 

PA 

Low-level output voltage, Vql 

ECHO, OSC 

Iql =1-6 mA 

0.4 

V 

Transducer bias voltage 

T a = 25 °C 

150 

V 

Transducer output voltage (peak-to-peak) 

T A = 25 °C 

300 

V 

Number of cycles for XDCR output to reach 300 V 

C = 500 pF 

7 


Internal blanking interval 


t* “ 2.38 + 

ms 

Frequency during 1 6-pulse 
transmit period 

OSC output 


49.4+ 

kHz 

XMIT output 


49.4+ 

Frequency after 16-pulse 
transmit period 

OSC output 


93.3 + 

kHz 

XMIT output 


0 

Supply current, Iqc 

During transmit period 


2000 

mA 

After transmit period 


100 


* These typical values apply for a 420-kHz ceramic resonator. 
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TYPE SN28827 
SONAR RANGING MODULE 


operation with Polaroid electrostatic transducer 

There are two basic modes of operation for the SN28827 Sonar ranging module: single-echo mode and 
multiple-echo mode. The application of power (Vcc)' the activation of the Initiate (INIT) input, and the 
resulting transmit output, and the use of the Blanking Inhibit (BINH) input are basically the same for either 
mode of operation. After applying power (Vcch a minimum of 5 milliseconds must elapse before the INIT 
input can be taken high. During this time, all internal circuitry is reset and the internal oscillator stabilizes. 
When INIT is taken high, drive to the Transducer XDCR output occurs. Sixteen pulses at 49.4 kilohertz 
with 300-volt amplitude will excite the transducer as transmission occurs. At the end of the 16 transmit 
pulses, a dc bias of 150 volts will remain on the transducer as recommended for optimum operation by 
the transducer manufacturer. 

In order to eliminate ringing of the transducer from being detected as a return signal, the Receive (REC) 
input of the ranging control 1C is inhibited by internal blanking for 2.38 milliseconds after the initiate signal. 
If a reduced blanking time is desired, then the BINH input can be taken high to end the blanking of the 
Receive input anytime prior to internal blanking. This may be desired to detect objects closer than 1 .33 feet 
corresponding to 2.38 milliseconds and may be done if transducer damping is sufficient that ringing is 
not detected as a return signal. 

In the single-echo mode of operation (Figure 1), all that must be done next is to wait for the return of 
the transmitted signal, traveling at approximately 0.9 milliseconds per foot out and back. The returning 
signal is amplified and appears as a high-logic-level echo output. The time between INIT going high and 
the Echo (ECHO) output going high is proportional to the distance of the target from the transducer. If 
desired, the cycle can now be repeated by returning INIT to a low-logic level and then taking it high when 
the next transmission is desired. 


v cc+ [ 


INIT 


J 


TRANSMIT 

(INTERNAL) 


BLNK 

BINH 

INTERNAL 

BLANKING 


LOW 

LOW 


J •4-2. 38 MS-J 



ECHO 


FIGURE 1-EXAMPLE OF A SINGLE-ECHO-MODE CYCLE WITHOUT BLANKING INPUT 


If there is more than one target and multiple echos are to be detected from a single transmission, then 
the cycle is slightly different (Figure 2). After receiving the first return signal, which causes the ECHO 
output to go high, the Blanking (BLNK) input must be taken high then back low to reset the ECHO output 
for the next return signal. The blanking signal must be at least 0.44 milliseconds in duration to account 
for all 1 6 returning pulses from the first target and allow for internal delay times. This corresponds to the 
two targets being 3 inches apart. 
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Special Functions 


TYPE SN28827 
SONAR RANGING MODULE 


V CC+ 


TRANSMIT 

(INTERNAL) 


BLNK 


BINH 


INTERNAL 

BLANKING 


ECHO 


J I | 16 PULSES 



n 

n 


1 

n 


n 

n 


FIGURE 2-EXAMPLE OF A MULTIPLE-ECHO-MODE CYCLE WITH BLANKING INPUT 


During a cycle starting with INIT going high, the receiver amplifier gain is incremented higher at discrete 
times (Figure 3) since the transmitted signal is attenuated with distance. At approximately 38 milliseconds, 
the maximum gain is attained. For this reason, sufficient gain may not be available for objects greater than 



RECEIVER GAIN 


vs 



Gain Steps 
FIGURE 3 
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TYPE SN28827 
SONAR RANGING MODULE 


35 feet away. Although gain can be increased by varying R1 (Figure 4), there is a limit to which the gain 
can be increased for reliable module operation. This will vary from application to application. The modules 
are "kitted” prior to their final test during manufacture. This is necessary because the desired gain 
distribution is much narrower than the module gain distribution if all were kitted with one value resistor. 
As kitted, these modules will perform satisfactorily in most applications. As a rule of thumb, the gain can 
be increased by up to a factor of 4, if required, by increasing R1 correspondingly. Gain is directly proportional 
to R1 . 


. ci 
'0.01 /uF 


R4 

68 kf2 


J R2 
► 5 kS2 


U1 

TL852 


LC 

Vcc 

G2IN 

NC 

GIOUT 

NC 

BIAS 

GCA 

GADJ 

GCB 

G1IN 

GCC 

XIN 

GCD 

GND 

REC 


C4 

iooo; 

PF 


U2 

TL851 


FIL 

ECHO 

OSC 

BINH 

INIT 

BLNK 

GCA 

V CC 

GCB 

XMIT 

GCC 

XTAL1 

GCD 


REC 

XTAL2 

GND 


. C3 
'1 ^F 


tRI IS SELECTED AT THE FACTORY. 


FIGURE 4-SCHEMATIC 




NOTE: All dimensions a 


i millimeters and parenthetically in inches. 

FIGURE 5 - COMPONENT LAYOUT AND DIMENSIONS OF MODULE 
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1083 



LINEAR 

INTEGRATED 

CIRCUITS 


• 33 Distinct Input-to-Output 
3:1 to 1:15 

• Wide Input Current Range: 
1 /*A to 3 mA 

• 35-Volt Output Capability 


Emitter Ratios from 


• High Output Impedance 


TYPES TL010I, TL010C 
ADJUSTABLE-RATIO CURRENT MIRRORS 

D2738, SEPTEMBER 1983 


P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


INPUT C 

he C 

I2E □ 
08E C 


TC7 

2 7 

3 6 

4 5 


K OUTPUT 
H01E 
U 02E 
U 04E 


description 


The TL010 is a Wilson current mirror that provides output current in a selectable fixed ratio to the input current. The 
ratio is substantially independent of changes in load, voltages, and temperature. Selecting the ratio consists of connecting 
appropriate input emitter pins and output emitter pins to ground as shown in Figure 1 . 


The TL010 is designed to operate with up to 3 milliamperes input current if all three input emitter pins are used. It 
will also operate at voltages up to 35 volts. 


The TL010I is characterized for operation from -40°C to 85 °C. The TL010C is characterized for operation from 
0°C to 70 °C. 

typical values of current ratio at Ta = 25 °C 


EMITTER RATIO 

nrn* 

CURRENT RATIO 
h F = l 0 /l| 

1:15 

14.1 

1:14 

13.2 

1:13 

12.3 

1:12 

11.4 

1:11 

10.5 

1:10 

9.55 

1:9 

8.62 

1:8 

7.72 

2:15 

7.23 

1:7 

6:71 

2:13 

6.29 


EMITTER RATIO 
m:nt 

CURRENT RATIO 

h F = lo/'l 

1:6 

5.78 

2:11 

5.34 

1:5 

4.82 

3:14 

4.53 

2:9 

4.38 

3:13 

4.21 

1:4 

3.89 

3:11 

3.57 

2:7 

3:40 

3:10 

3:25 

1:3 

2.90 


EMITTER RATIO 
m:nt 

CURRENT RATIO 

h F = lo/'i 

3:8 

2.61 

2:5 

2.43 

3:7 

2.26 

1:2 

1.98 

3:5 

1.64 

2:3 

1.45 

3:4 

1.32 

1:1 

0.99 

3:2 

0.663 

2:1 

0.50 

3:1 

0.332 



*m is the number of input emitters used, n is the number of output emitters used. 


schematic 



Copyright © 1983 by Texas Instruments Incorporated 

5-49 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


, Texas 
Instruments 


Special Functions 





Special Functions 


TYPES TL010I, TL010C 
ADJUSTABLE-RATIO CURRENT MIRRORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Output voltage (see Note 1) 45 V 

Input current 5 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 725 mW 

Operating free-air temperature range: TL010I -40°C to 85 °C 

TL010C 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTES: 1 . Input and output voltages are with respect to the common terminal. Neither voltage should be more negative than -0.3 V. 
2. For operation above 25 °C free-air temperature, derate linearly at the rate of 5.8 mW/°C. 


recommended operating conditions 



TL010I 

TL010C 

UNIT 


MUM 

MAX 

MIN 

MAX 

Output voltage, Vq 

5 

35 

5 

35 

V 

Input voltage, V| 

0.6 

1.7 

0.65 

1.6 

V 

Input current per input emitter, l| 

0.001 1 

0.001 1 

mA 

Operating free-air temperature, T A 

-40 

85 

o 

70 

°C 


electrical characteristics over recommended ranges of operating free-air temperature and output voltage 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

TL010I 

TL010C 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

V| Input voltage 

l| = m x 1 jtA 

1 

1 

V 

l| = m x 10 fiA 

1.1 

1.1 

l| = m x 100 /tA 

1.25 

1.25 

l| = m x 1 mA 

1.4 

1.4 

hp Current ratio (Iq/I|) 

l| = MIN to MAX 

m:n = 1:8 

6.97 7.72 8.13 

7.05 7.72 8.13 


m:n = 1:4 

3.61 3.89 4.05 

3.64 3.89 4.05 

m:n = 1:2 

1.84 1.98 2.07 

1.88 1.98 2.07 

m:n = 1:1 

0.89 0.99 1.08 

0.94 0.99 1.04 

m:n = 2:1 

0.46 0.50 0.56 

0.475 0.50 0.525 

Temperature coefficient 
«hF , 

of current ratio 

l| = MIN to MAX 

300 

300 

ppm/°C 

Output-to-input isolation 

l| = MIN to MAX, f = 1 kHz 

60 

60 

dB 

Output threshold 

V ° lthl voltages 

l| = MIN to MAX 

T A = MIN 

1.1 

1.05 

V 

O 

ir> 

CM 

II 

£ 

1 

1 

r 0 Output resistance ^ 

F = 1 kHz 

l| = m x 10 /x A 

200 m/n 

200 m/n 

Mfl 

l| = m x 100 fiA 

20 m/n 

20 m/n 

l| = m x 1 mA 

2 m/n 

2 m/n 

Maximum operating 
max frequency# 

l| = m x 1 mA, R|_ = 500 Q 

10 

10 

MHz 


* m is the number of input emitters, n is the number of output emitters. For conditions shown as MIN or MAX, use the appropriate value specified under 
recommended operating conditions. 

* All typical values are at T A = 25 °C. 

§0utput threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vq = 15 V. 

iThe output resistance is directly proportional to the number of input emitters divided by the number of output emitters (m/n). 

* Maximum operating frequency is the frequency at which the output current is down 3 dB from its low-frequency value. 
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TYPES TL010I, TL010C 
ADJUSTABLE-RATIO CURRENT MIRRORS 


TYPICAL APPLICATION INFORMATION 

TLOIO 



See notes 3 and 4 

FIGURE 1-CURRENT MIRROR SET FOR A CURRENT RATIO OF 2:13 

NOTES: 3. Selected emitters must be grounded as close as possible to the package to avoid unstable device behavior. 

Using the fixed-Beta model, the current ratio for a current mirror of m input emitters and n output emitters may be calculated as 

lO _ 0 2 n + /? (n -f-m) 

l| /3 2 m + (/3+1) (m + n) 

Second-order effects, such as on-chip self-heating, may slightly perturb the observed ratio from the calculated value. 

4. At high current levels a small capacitor (270 pF) may be required between the input and output terminals to improve stability. 


V CC 



+ Adjust for a mirror of 1 1 .9 



In this application of the TLOIO, the problem is to measure a precise volume of liquid flowing through a line and shut off the flow with a relay when the 
limit is reached. For the particular volume to be measured and the pressure detector used, a current gain of 1 1 .9 is required. By setting the TLOIO for a gain 
of 10 with the emitter selection, the exact gain of 1 1.9 may be obtained by adjusting the pressure-time product control. 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Wide Input Current Range: 

1 jtA to 1 mA 

• 35-Volt Output Capability 


• High Output Impedance 

• Guaranteed Current-Ratio Tolerances over 
Full Temperature Range; 

±8% for I Suffix 
±7% for C Suffix 


• Typically Less Than ±1% Error at 25 °C 


SERIES TL011, TL012, TL014, TL021 
FIXED-RATIO N-P-N CURRENT MIRRORS 

D2614, NOVEMBER 1983 


LP PACKAGE 
(TOP VIEW) 



INPUT 

COMMON 

OUTPUT 


TEMPERATURE 

INPUT-TO-OUTPUT CURRENT RATIO 

RANGE 

1:1 

1:2 

1:4 

2:1 

-40°C to 85 °C 

TL011I 

TL012I 

TL014I 

TL021I 

0°C to 70 °C 

TL011C 

TL012C 

TL014C 

TL021C 


description 

The TL01 1 , TL01 2, TL01 4, and TL021 are Wilson current mirrors with output currents in fixed proportion to the input 
currents and substantially independent of changes in voltage, load, and temperature. These devices make use of the 
tight matching properties of identical bipolar transistors on a monolithic integrated circuit chip to achieve current-ratio 
accuracy typically better than 98%. 

Current mirrors are used extensively in linear integrated circuit designs as active loads for operational-amplifier stages 
and as current sources for other stages. The TL01 1 family gives the designer this same capability with no sacrifice 
in accuracy or stability. 


183 


The TL01 1, TL012, and TL014 are designed to operate with input currents up to 1 milliampere and output voltage 
up to 35 volts. The TL021 is designed for 2 milliamperes and 35 volts. 



symbols 


TL011 


TL012 


TL014 


TL021 

l£>1 

1 

0 1 

1>2 

1 

0 1 

1>4 

1 

0 1 

2>1 

1 

1 

C 


1 

C 


1 

C 


1 

C 
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SERIES TL011, TL012, TL014, TL021 
FIXED-RATIO N-P-N CURRENT MIRRORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Output voltage (see Note 1 ) 45 V 

Input current 5 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 775 mW 

Operating free-air temperature range: TL011I, TL012I, TL014I, TL021I -40°C to 85°C 

TL011C, TL012C, TL014C, TL021C 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTES: 1 . Input and output voltages are with respect to the common terminal. Neither voltage should be more negative than -0.3 V. 
2. For operation above 25 °C free-air temperature, derate linearly at the rate of 6.2 mW/°C. 


recommended operating conditions 




TLO 1 

TL0_ 

_c 




MIN 

MAX 

MIN 

MAX 

UNIT 

Output voltage, Vq j 

5 

35 

5 

35 

V 

Input current, Iq 

TL021 

0.002 

2 

0.002 

2 

• 

All others 

0.001 1 

0.001 1 

mA 

Operating free-air temperature, Ta ] 

-40 

85 

o 

70 

°C 
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electrical characteristics over recommended ranges of operating free-air temperature and output voltage (unless otherwise noted) 



PARAMETER 

TEST CONDITIONS 

TL011 

TL012 

TL014 

TL021 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

MIN TYP f MAX 

MIN TYP* MAX 

V| Input voltage 

1 1 = 1 A* A 

1 

1 

1 


V 

1, = 2 M A 




1 

l| = 10 fiA 

1.1 

1.1 

1.1 


l| = 20 M 




1.1 

l| = 100 ^A 

1.25 

1.25 

1.25 


l| = 200 nA 




1.25 

l| = 1 mA 

1.4 

1.4 

1.4 


l| = 2 mA 




1.4 

Current ratio 
h F 

Ml> 

TL0_l 

l| = MIN to MAX* 

0.92 1 1.08 

1.84 2 2.16 

3.68 4 4.32 

0.46 0.5 0.54 


TL0_C 

0.93 1 1.07 

1.86 2 2.14 

3.72 4 4.28 

0.465 0.5 0.535 

Temperature coefficient 

«hF , , 

of current ratio 

l| = MIN to MAX 

50 

100 

200 

200 

ppm/°C 

Output-to-input isolation 

l| = MIN to MAX, f * 1 kHz 

80 

80 

80 

80 

dB 

Output 

VQ(th) threshold 
voltage $ 

TL0_l 

l| = MIN to MAX 

T A = -40°C 

1.35 

1.35 

1.35 

1.35 

V 

TLO_C 

T A = 0°C 

1.25 

1.25 

1.25 

1.25 

All 

T A = 25 °C 

1.2 

1.2 

1.2 

1.2 

r Q Output resistance 

f = 1 kHz 

l| = 10 nA 

200 

100 

50 


M0 

h = 20 mA 




200 

l| = 100 nA 

20 

10 

5 


l| = 200 (iA 




20 

l| = 1 mA 

2 

1 

0.5 


l| = 2 mA 




2 

Maximum operating 
max frequency^ 

l| = MAX, 

R l = 500 0 

10 

10 

10 

10 

MHz 


^ All typical values are at T A = 25 °C. 

*For test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§Output threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vq = 15 V. 

1 Maximum operating frequency is the frequency at which the output current is down 3 dB from its low frequency value. 
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SERIES TL011, TL012, TL014, TL021 
FIXED RATIO NP-N CURRENT MIRRORS 
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SERIES TL011, TL012, TL014 f TL021 
FIXED-RATIO N-P-N CURRENT MIRRORS 


TYPICAL CHARACTERISTICS 


TL011 

CURRENT RATIO 
vs 

FREE-AIR TEMPERATURE 



FIGURE 1 


TL012 

CURRENT RATIO 


vs 



-50 -25 0 25 50 75 100 


Ta~ F ree-Air Temperature— °C 
FIGURE 2 


TL014 

CURRENT RATIO 



-50 -25 0 25 50 75 100 

Ta— F ree-Air Temperature— °C 

FIGURE 3 


TL021 

CURRENT RATIO 


vs 



-50 -25 0 25 50 75 100 


Ta~ F ree-Air Temperature— °C 


FIGURE 4 
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SERIES TL011, TL012, TL014, TL021 
FIXED-RATIO N-P-N CURRENT MIRRORS 


TYPICAL APPLICATIONS INFORMATION 


V C C 



TL011 

i 


1 >1 

1 


— 



h 


4 io 


Rl 


10 = h 

VARIATIONS IN Rl DO NOT 
AFFECT l| OR lo WHEN: 

VCC “ Vo(th) 

l| = lo < 

Rl 


FIGURE 5— BASIC CURRENT BUFFER 


E e - 2 mW/cm2 +12 V 



Idle condition: Pd = 1.5 mW typical 
On condition: Pq = 12.5 mW typical 

10/uA from phototransistor provides a Vq swing of 10 V at 1 mA. 


FIGURE 6— PHOTOTRANSISTOR PREAMPLIFIER 


5 


Vcc 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Low Output Common-Mode Sensitivity to AGC 
Voltages 


• Input and Output Impedances Independent of 
AGC Voltage 

• Maximum Gain of 100 Typ 


• Wide AGC Range 

• 3-dB Bandwidth at 60 MHz 


TYPE TL026 
AGC VIDEO AMPLIFIER 

D2790, OCTOBER 1983 


JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1 U 8 

2 7 

3 6 

4 5 


• Other Characteristics Similar to NE592 and 
uA733 

description 

This device is a monolithic two-stage video 
amplifier with differential inputs and outputs. 

Internal feedback provides wide bandwidth, low 
phase distortion, and excellent gain stability. 
Variable gain based on signal summation 
provides large AGC control over a wide 
bandwidth with low harmonic distortion. 


symbol 


AGC REF 



Emitter-follower outputs enable the device to drive capacitive loads. All stages are current-source biased 
to obtain high common-mode and supply-voltage rejection ratios. The gain of 100 may be electronically 
attenuated as much as 50 dB at 60 MHz by applying a control voltage to the AGC pins. No external frequency 
compensation components are required. 


This device is particularly useful in TV and Radio IF and RF AGC circuits, as well as magnetic-tape and 
disc-file systems where AGC is needed. Other applications include video and pulse amplifiers where a large 
AGC range, wide bandwidth, low phase shift, and excellent gain stability are required. 
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LINEAR 

INTEGRATED 

CIRCUITS 


Operates from ± 6-V Supplies or 1 2 -V 
Supply 

Head Read-Select-Diode Array 

Dual Write Current Inputs 

Read Amplifier Gain Adjustable with Single 
External Resistor and Capacitor 

Wide Bandwidth, Low Phase Distortion, and 
Excellent Gain Stability 


• High Common-Mode Rejection 


description 

The TL030 is a monolithic high-speed disk-memory 
read amplifier fabricated with bipolar Schottky process 
technology. The device consists of a diode selection 
matrix comprised of write, read, and head diodes 
preceding a video amplifier. The head read diode array 
may be externally biased to select one of four-disk 
memory heads. The resultant analog signal is then 
amplified by the read amplifier and presented as 
differential emitter-follower output voltages. The 
TL030 is characterized for operation from 0°C to 
70°C. 


TYPE TL030 

FOUR-HEAD DISK-MEMORY READ AMPLIFIER 

D2739, AUGUST 1983 


N DUAL-IIM-LINE PACKAGE 
(TOP VIEW) 


WRITE A C 
WRITE B H 
GAIN SELECT GA £ 
GAIN SELECT GB Q 

VeeC 

OUTPUT A H 
OUTPUT B C 

vccd. 



J HEAD 1 A 
H HEAD IB 
U HEAD 2A 
U HEAD 2B 
D HEAD 3A 
J HEAD 3B 
H HEAD 4A 
J HEAD 4B 


functional block diagram 



} DATA 
OUTPUT 
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LINEAR SERIES TL1 60 

INTEGRATED SILICON HALL-EFFECT SWITCHES 

CIRCUITS 

D2820, DECEMBER 1983 


• Magnetic-Field-Sensing Hall-Effect Input 

• Activated with Small, Commercially Available 
Permanent Magnets 

• Special Switching Thresholds are Easily 
Programmable at the Factory 

• Voltage Range: 4 V to 30 V 

• Output Compatible with All Digital 
Logic Families 

• This Series will be Available for Pin-for-Pin 
Compatibility with Sprague's UGN3013, 
UGN3019, UGN3020, UGN3030, and 
UGN3040 


description 

The TL1 60 series is a complete line of Hall-Effect 
switches. Each device consists of a voltage 
regulator, a Hall sensing element, amplifier, 
Schmitt trigger, and an open-collector output 
stage integrated on a single monolithic silicon 
chip. Operate and release points will be 
independently programmable at the factory. 
These switching points will be in the range of 
0 to 50 milliteslas (500 gauss). 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ■ ■ ■ ■ 

Output voltage 

Output current 

Storage temperature range 
Magnetic flux density, B . 


30 V 

30 V 

30 mA 

— 65°C to 1 50 °C 
unlimited 
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33 


LINEAR 

INTEGRATED 

CIRCUITS 


Magnetic-Field Sensing Hall-Effect Input 
On-Off Hysteresis 
Small Size 

Solid-State Technology 
Open-Collector Output 


description 

The TL170C is a low-cost magnetically operated 
electronic switch that utilizes the Hall Effect to sense 
steady-state magnetic fields. Each circuit consists of 
a Hall-Effect sensor, signal conditioning and hysteresis 
functions, and an output transistor integrated into a 
monolithic chip. The outputs of these circuits can be 
directly connected to many different types of 
electronic components. 

The TL170C is characterized for operation over the 
temperature range of 0°C to 70 °C. 


FUNCTION TABLE (T A = 25 °C) 


FLUX DENSITY 

OUTPUT 

< -25 mT 

-25 mT < B < 25 mT 

> 25 mT 

Off 

Undefined 

On 


TYPE TLI70C 
SILICON HALL-EFFECT SWITCH 

D2408, DECEMBER 1977-REVISED NOVEMBER 1983 


TOP VIEWS 



functional block diagram 
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TYPE TL170C 

SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Output voltage 30 V 

Output current 20 mA 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 

Magnetic flux density unlimited 


NOTE 1 . Voltage values are with respect to network ground terminal. 


electrical characteristics at specified free-air temperature, Vqc = 5 V ± 5% (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Threshold of positive-going 

Bt + + 

magnetic flux density 1 


25 °C 

25 

mT§ 

0°C to 70 °C 

35 

g_l_ Threshold of negative-going 

magnetic flux density t 


25 °C 

-251 

mT§ 

0°C to 70 °C 

-351 

By + - By _ Hysteresis 


0°C to 70 °C 

20 

mT§ 

lOH High-level output current 

V 0H = 20 V 

0°C to 70 °C 

100 

ft A 

Vol Low-level output voltage 

V CC = 4.75 V, Iql = 16 mA 

0°C to 70°C 

0.4 

V 

ICC Supply current 

V cc = 5.25 V 

Output low 

0°C to 70 °C 

6 

mA 

Output high 

. 4 


^Threshold values are those levels of magnetic flux denisity at which the output changes state. For the TL170C, a level more positive than B-j- + causes 
the output to go to a low level and a level more negative than Bj_ causes the output to go to a high level. See Figures 1 and 2. 

§ The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. Values expressed 
in miliiteslas may be converted to gauss by multiplying by ten. 

iThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levels only. 


5 



MIN B T- MAX Bj+ 



The north pole of a magnet is the pole that is 
attracted by the geographical north pole. The 
north pole of a magnet repels the north- 
seeking pole of a compass. By accepted 
magnetic convention, lines of flux emanate 
from the north pole of a magnet and enter the 
south pole. 


The positive-going threshold (By + ) may be a negative or positive B level at which a positive-going 
(decreasing negative or increasing positive) flux density results in the TL1 70 output turning on. The negative- 
going threshold is a positive or negative B level at which a negative-going (decreasing positive or increasing 
negative) flux density results in the TL170 turning off. 

FIGURE 2-REPRESENTATIVE CURVES OF V 0 vs B 


FIGURE 1-DEFINITION OF 
MAGNETIC FLUX POLARITY 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Solid-State Technology 

• Open-Collector Output 

• Normally Off Switch 

description 

The TL172C is a low-cost magnetically operated 
normally off electronic switch that utilizes the Hall 
Effect to sense the presence of a magnetic field. Each 
circuit consists of a Hall-Effect sensor, signal 
conditioning and hysteresis functions, and an output 
transistor integrated into a monolithic chip. A 
magnetic field of sufficient strength in the positive 
direction will cause the TL1 72C output to be in a low- 
impedance state. Otherwise the output will present 
a high impedance. The output of this circuitry 
can be connected to many different types of electronic 
components. 

The TL172C is characterized for operation over the 
temperature range of 0°C to 70 °C. 


TYPE TL172C 

NORMALLY OFF SILICON HALL EFFECT SWITCH 

D2490, AUGUST 1977-REVISED NOVEMBER 1983 


TOP VIEWS 




FUNCTION TABLE 


FLUX DENSITY 

OUTPUT 

< 10 mT 

10 mT < B < 60 mT 

> 60 mT 

Off 

Undefined 

On 


functional block diagram 
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TYPE TL172C 

NORMALLY OFF SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Output voltage 30 V 

Output current 20 mA 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range - 65 °C to 1 50 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 

Magnetic flux density unlimited 


NOTE 1 : Voltage values are with respect to network ground terminal. 


electrical characteristics over rated operating free-air temperature range, Vcc = 5 V ± 5% 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Bt + 

Threshold of positive-going 
magnetic flux density ^ 


60 

mT § 

Bt- 

Threshold of negative-going 
magnetic flux density ^ 


10 

mT § 

b t+ - b t _ 

Hysteresis 


23 

mT § 

'OH 

High-level output current 

VoH = 20 V 

100 

/* A 

V 0L 

Low-level output voltage 

Vcc = 4.75 V, Iql = 16 mA 

0.4 

V 

'cc 

Supply current 

V CC = 5.25 V 

6 

mA 


^Threshold values are those levels of magnetic flux density at which the output changes state. For the TL1 72C, a level more positive than By + causes the 
output to go to a low level, and a level more negative than By_ causes the output to go to a high level. See Figures 1 and 2. 

^The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. Values expressed 
in milliteslas may be converted to gauss by multiplying by ten. 



The north pole of a magnet is the pole that is 
attracted by the geographical north pole. The 
north pole of a magnet repels the north- 
seeking pole of a compass. By accepted 
magnetic convention, lines of flux emanate 
from the north pole of a magnet and enter the 
south pole. 


Vo 



FIGURE 2-REPRESENTATIVE CURVE OF Vq vs B 


FIGURE 1-DEFINITION OF 
MAGNETIC FLUX POLARITY 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Output Voltage Linear with Applied Magnetic 
Field 


• Sensitivity Constant Over Wide Operating 
Temperature Range 

• Solid-State Technology 


• Three-Terminal Device 


• Senses Static or Dynamic Magnetic Fields 


description 

The TL1 731 and TL1 73C are low-cost magnetic-field 
sensors designed to provide a linear output voltage 
proportional to the magnetic field they sense. These 
monolothic circuits incorporate a Hall element as the 
primary sensor along with a voltage reference and a 
precision amplifier. Temperature stabilization and 
internal trimming circuitry yield a device that features 
high overall sensitivity accuracy with less than 5% 
error over its operating temperature range. 

The TL173I is characterized for operation from 
-20°C to 85 °C. The TL173C is characterized for 
operation from 0°C to 70 °C. 

functional block diagram 


TYPES TL173I, TL173C 
LINEAR HALL-EFFECT SENSORS 

D2526, MARCH 1979-REVISED NOVEMBER 1983 


TOP VIEWS 




5 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1) 25 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 775 mW 

Operating free-air temperature range: TL1731 -20°C to 85°C 

TL173C 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 

Magnetic flux density unlimited 


NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, derate linearly at the rate of 6.2 mW/°C. 
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TYPES TL173I, TL173C 
LINEAR HALL-EFFECT SENSORS 


recommended operating conditions 



TL173I 

TL173C 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

10.8 12 13.2 

10.8 12 13.2 

V 

Magnetic flux density, B 

±50 

±50 

mT 

Output current, Iq 

Sink 

0.5 

0.5 

mV 

Source 

-2 

-2 

Operating free-air temperature, T A | 

-20 85 

0 70 

°C 


electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

MIN 

TYP* 

MAX 

UNIT 

v 0 

Output voltage 

Iq = -2 mA to 0.5 mA, 

5.8 

6 

6.2 

V 

k SVS 

Supply voltage sensitivity (AV|q/AVqq) 

B = 0 mT§, T A = 25 °C 

18 

mV/V 

s 

Magnetic sensitivity (AVq/AB) 

B = -50 to 50 mT§, T A = 25°C 

13.5 

15 

18 

V/T§ 

AS 

Magnetic sensitivity change with temperature 

AT A = 25 °C to MIN or MAX 

± 5 

% 

■cc 

Supply current 

B = 0 mT§, l 0 = 0 


8 

12 

mA 

fmax 

Maximum operating frequency 


100 

kHz 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

^Typical values are at Vqc = 12 V and T A = 25°C. 

§The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. Values expressed 
in milliteslas may be converted to gauss by multiplying by ten, e.g., 50 millitesla = 500 gauss. 




The north pole of a magnet is the pole that is 
attracted by the geographical north pole. The 
north pole of a magnet repels the north- 
seeking pole of a compass. By accepted 
magnetic convention, lines of flux emanate 
from the north pole of a magnet and enter the 
south pole. 

FIGURE 1— DEFINITION OF 
MAGNETIC FLUX POLARITY 


OUTPUT VOLTAGE 
vs 


MAGNETIC FLUX DENSITY 



FIGURE 2 
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TYPES TL173I, TL173C 
LINEAR HALL-EFFECT SENSORS 


TYPICAL APPLICATION DATA 

The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V (using R1), and to set 
the sensitivity to exactly -15 V/T (using R2), as depicted in Figure 4. 

COMPENSATED OUTPUT VOLTAGE 


vs 




-50 -40 -30 -20-10 0 10 20 30 40 50 

B — Magnetic Flux Density — mT 

FIGURE 3-COMPENSATION CIRCUIT FIGURE 4 
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LINEAR 

INTEGRATED 

CIRCUITS 


• 8-Pin Version of NE592 . . . Saves Printed 
Circuit Board Space 

• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 


TYPES TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


D2668, NOVEMBER 1983 


P DUAL-IN-LINE PACKAGE 
{TOP VIEW) 


IN + C 
GAIN ADJ A Z 

Vcc- c 

OUT + C 



J IN- 

H GAIN ADJ B 

D Vcc + 

D OUT- 


description 

This device is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. 

Internal series-shunt feedback provides wide 
bandwidth, low phase distortion, and excellent 
gain stability. Emitter-follower outputs enable 
the device to drive capacitive loads. All stages 
are current-source biased to obtain high 
common-mode and supply-voltage rejection 
ratios. 


symbol 



Fixed differential amplification of nominally 400 
may be selected without external components, 
or amplification may be adjusted from 0 to 
approximately 400 by the use of a single external 
resistor connected between the gain-adjustment 
pins A and B. No external frequency- 
compensating components are required for any 
gain option. 

The device is particularly useful in magnetic-tape 
or disc-file systems using phase or NRZ encoding 
and in high-speed thin-film or plated-wire 
memories. Other applications include general- 
purpose video and pulse amplifiers where wide 
bandwidth, low phase shift, and excellent gain 
stability are required. 

The TL592 and TL592A are characterized for 
operation from 0°C to 70 °C. 
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TYPES TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


schematic 



absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vcc + (see Note 1) 8 V 

Supply voltage, VcC- ( see Note 1) -8 V 


MB Differential input voltage ±5 V 

L|nB Voltage range, any input Vcc + to VcC- 

Output current 10 mA 


Continuous total power dissipation 500 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTE 1: All voltage values except differential input voltages are with respect to the midpoint between Vqq + and V0 q_. 


recommended operating conditions 



MIN 

NOM 

MAX 

UNIT 

Supply voltage, Vqq + 

3 

6 

8 

V 

Supply voltage, Vcc~ 

-3 

-6 

-8 

V 

Operating free-air temperature, T^ 

0 


70 

°c 
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electrical characteristics at specified free-air temperature, Vqc + = 6 V, Vcc - = - 6 V, R|_ = 2 kO (unless otherwise noted) 



PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

GAIN 
OPTION f 

TL592 

TL592A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Large-signal differential 
voltage amplification 

1 

V 0P p = 3 V, R|_ = 2 kO 

25 °C 

1 

250 400 600 

400 440 600 

v/v 

0°C to 70 °C 

250 600 

400 600 

BW Bandwidth (-3 dB) 

2 

Vqpp - 1 V 

25 °C 

1 

50 

50 

MHz 

l|0 Input offset current 



25°C 

1 or 2 

0.4 5 

0.4 5 

mA 

0°C to 70 °C 

6 

6 

l|B Input bias current 



25°C 

1 or 2 

9 30 

10 30 

mA 

0°C to 70 °C 

40 

40 

Common-mode input 

V|CR 

voltage range 

3 


25 °C 

1 or 2 

±1 

±1 

V 

0°C to 70 °C 

±1 

±1 

Common-mode output 
voltage 

1 

R[_ = oo 

25 °C 

1 or 2 

2.4 2.9 3.4 

2.4 2.9 3.4 

V 

Vqo Output offset voltage 

1 

V | q = 0, R|_ = 00 

25 °C 

2 

0.35 0.75 

0.35 0.75 

V 

0°C to 70 °C 

1.5 

1.5 

Peak-to-peak output 

Vnpp 

J voltage swing 

1 

R L = 2 kQ 

25 °C 

1 

3 4 

3 4 

V 

0°C to 70 °C 

2.8 

2.8 

zj Input impedance 


V 0 D = 1 V, 
f = 1 kHz to 10 MHz 

25 °C 

0°C to 70 °C 

1 

4 

3.6 

kfi 

3.6 

3.3 

Common-mode 

CMRR 

rejection ratio 

3 

V| C = ±1 V 

f = 100 kHz 

25 °C 

1 

60 86 

60 86 

dB 

f = 5 MHz 

60 

60 

f = 1 00 kHz 

0°C to 70 °C 

50 

50 

f = 5 MHz 

60 

60 

, Supply voltage rejection 

kSVR ratio (AVcc/AViq) 

4 

AVcc+ = ±0.5 V, 

AVcc - = ±0.5 V 

25 °C 

1 

50 70 

50 70 

dB 

0°C to 70 °C 

50 

50 

^ Broadband equivalent 

n input noise voltage 

4 

BW = 1 kHz to 10 MHz 

25 °C 

1 or 2 

12 

12 


t pc j Propagation delay time 

2 

AV 0 = 1 V 

25 °C 

2 

7.5 

7.5 

ns 

t r Rise time 

2 

> 

II 

o 

> 

<1 

25 °C 

2 

10.5 

10.5 

ns 

Maximum output 
'sink(max) sink current 




1, 2, or 3 

3 4 

3 4 

ma 

Ice Supply current 


No load. No signal 

25 °C 

1 or 2 

18 24 

19 24 

mA 

0°C to 70 °C 

27 

27 


^The gain option is selected as follows: 

Gain Option 1 . . . Gain adjust pin A is connected to pin B. 
Gain Option 2 . . . Gain adjust pins A and B are open. 


CJl 

'Ll 

U1 


CJl 
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TYPES TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 
Lower Noise . . . Less than 3 [A/ 


description 

This device is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. It features internal series-shunt 
feedback that provides wide bandwidth, low 
phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the device to 
drive capacitive loads. All stages are current- 
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 

Fixed differential amplification of 400 may be 
selected without external components, or 
amplification may be adjusted from 0 to 400 by 
the use of a single external resistor connected 
between the gain-adjustment pins A and B. No 
external frequency-compensating components 
are required for any gain option. 

The device is particularly useful in magnetic-tape 
or disc-file systems that use phase or NRZ 
encoding and in high-speed thin-film or plated- 
wire memories. Other applications include 
general-purpose video and pulse amplifiers. 

The device achieves lower equivalent noise 
through special processing and a new circuit 
layout incorporating input transistors with low 
base resistance. 

The TL592B will be characterized for operation 
from 0°C to 70 °C. 


TYPE TLS92B 
DIFFERENTIAL VIDEO AMPLIFIER 

D2668, OCTOBER 1983 


N DUAL IN LINE PACKAGE 
{TOP VIEW) 

Ul4Q IN- 
13 U NC 
12 H NC 

11 D GAIN ADJ B 

10 D Vcc-f 

9 D NC 
8 U OUT- 


IN + nr 

NC d 2 
NC C 3 
GAIN ADJ A £ 4 
VCC- C 5 
NC C 6 
OUT + C 7 


P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

IN + Ql U 8h IN- 
GAIN ADJ A [ 2 7 ] GAIN ADJ B 

VCC- C 3 6] Vcc + 

OUT-f Q 4 5 J OUT- 


NC — No internal connection 


symbol 


GAIN 

ADJUST A " 


=»c 


GAIN 

ADJUST B " 


OUT+ 

OUT- 
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LINEAR 

INTEGRATED 

CIRCUITS 


Designed for Use with the TL852 in Sonar 
Ranging Modules Like the SN28827 

Operates with Single Supply 

Accurate Clock Output for External Use 

Synchronous 4-Bit Gain Control Output 

Internal 1.2-V Level Detector for Receive 

TTL-Compatible 

Interfaces to Electrostatic or Piezoelectric 
Transducers 


TYPE TL851 
SONAR RANGING CONTROL 

D2760, SEPTEMBER 1983 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


v cc L 

1 

T7 « 

2 blnk 

XMIT £ 

2 

15 

2 BINH 

GND £ 

3 

14 

n init 

GCD Q 

4 

13 

2 FILT 

GCA C 

5 

12 

2 XTAL2 

GCB C 

6 

11 

2 XTAL1 

GCC C 

7 

10 

Hose 

REC £ 

8 

9 

] ECHO 


description 

The TL851 is an economical digital I^L ranging control integrated circuit designed for use with the Texas Instruments 
TL852 Sonar ranging receiver integrated circuit. 


The TL851 is designed for distance measurement from six inches to 35 feet. The device has an internal oscillator 
that uses a low-cost external ceramic resonator. With a simple interface and a 420-kHz ceramic resonator, the device 
will drive a 50-kHz electrostatic transducer. 


The device cycle begins when Initiate (INIT) is taken to the high logic level. There must be at least 5 ms from initial 
power up (Vcc) t° the first initiate signal in order for all the device internal latches to reset and for the ceramic-resonator- 
controlled oscillator to stabilize. The device will transmit a burst of 16 pulses each time INIT is taken high. 


The oscillator output (OSC) is enabled by INIT. The oscillator frequency is the ceramic resonator frequency divided 
by 8.5 for the first 16 cycles (during transmit) and then the oscillator frequency changes to the ceramic resonator 
frequency divided by 4.5 for the remainder of the device cycle. 


When used with an external 420-kilohertz ceramic resonator, the device internal blanking disables the receive input 
(REC) for 2.38 ms after initiate to exclude false receive inputs that may be caused by transducer ringing. The internal 
blanking feature also eliminates echos from objects closer than 1 .3 feet from the transducer. If it is necessary to detect 
objects closer than 1 .3 feet, then the internal blanking may be shortened by taking the blanking inhibit (BINH) high, 
enabling the receive input. The blanking input (BLNK) may be used to disable the receive input and reset ECHO to 
a low logic level at any time during the device cycle for selective echo exclusion or for a multiple-echo mode of operation. 



The device provides a synchronous 4-bit gain control output (12 steps) designed to control the gain of the TL852 
sonar ranging receiver integrated circuit. The digital gain control waveforms are shown in Figure 2 with the nominal 
transition times from INIT listed in the Gain Control Output Table. 

The threshold of the internal receive level detector is 1.2 volts. The TL851 operates over a supply voltage range of 
4.5 volts to 6.8 volts and is characterized for operation from 0°C to 40 °C. 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 
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TYPE TL851 

SONAR RANGING CONTROL 


GAIN CONTROL OUTPUT TABLE 


STEP 

NUMBER 

GCD 

GCC 

GCB 

GCA 

TIME (ms) FROM INITIATE ft 

0 

L 

L 

L 

L 

2.38 

ms 

1 

L 

L 

L 

H 

5.12 

ms 

2 

L 

L 

H 

L 

7.87 

ms 

3 

L 

L 

H 

H 

10.61 

ms 

4 

L 

H 

L 

L 

13.35 

ms 

5 

L 

H 

L 

H 

16.09 

ms 

6 

L 

H 

H 

L 

18.84 

ms 

7 

L 

H 

H 

H 

21.58 

ms 

8 

H 

L 

L 

L 

27.07 

ms 

9 

H 

L 

L 

H 

32.55 

ms 

10 

H 

L 

H 

L 

38.04 

ms 

11 

H 

L 

H 

H 

INIT 

4 


t This is the time to the end of the indicated step and assumes a nominal 420-kHz ceramic resonator. 


functional block diagram 



BINH 



ECHO 

LATCH 


O S 

1.2 V — L 


( 3 ) 
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schematics of inputs and outputs 


TYPE TL851 
SONAR RANGING CONTROL 














Special Functions 


TYPE TL851 

SONAR RANGING CONTROL 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage at any pin with respect to GND -0.5 V to 7 V 

Voltage at any pin with respect to Vcc -7 V to 0.5 V 

Continuous power dissipation at (or below) 25 °C free-air temperature (see Note 1) 1150 mW 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range -65°C to 150°,C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/°C. 


recommended operating conditions 



MIN MAX 

UNIT 

Supply voltage, Vcc 

4.5 6.8 

V 

High-level input voltage, V|(-| 

BLNK, BINH, INIT 

2.1 

V 

Low-level input voltage, V||_ 

BLNK, BINH, INIT 

0.6 

V 

Delay time, power up to INIT high 

5 

ms 

Operating free-air temperature, T/\ 

0 40 

°C 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input current 

BLNK, BINH, INIT 

V| = 2.1 V 

1 

mA 

High-level output current, Iqh 

ECHO, OSC, GCA, 

GCB, GCC, GCD 

V 0 H = 5.5 V 

100 

/ iA 

Low-level output voltage, Vql 

ECHO, OSC, GCA, 

GCB, GCC, GCD 

Iql = 1-6 mA 

0.4 

V 

On-state output current 

XMIT output 

V 0 = 1 V 

-140 

mA 

Internal blanking interval 

REC input 


2.38 t 

ms 

Frequency during 16-pulse transmit period 

OSC output 


49. 4^ 

kHz 

XMIT output 


49. 4^ 

Frequency after 16-pulse transmit period 

OSC output 


93.3f 

kHz 

XMIT output 


0 

Supply current, Ice 

During transmit period 


260 

mA 

After transmit period 


55 


^These typical values apply for a 420-kHz ceramic resonator. 
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LINEAR 

INTEGRATED 

CIRCUITS 


Designed for Use with the TL851 in Sonar 
Ranging Modules Like the SN28827 

Digitally Controlled Variable-Gain 
Variable-Bandwidth Amplifier 

Operational Frequency Range of 20 kHz to 
90 kHz 


• TTL-Compatible 

• Operates from Power Sources of 4.5 V to 
6.8 V 


• Interfaces to Electrostatic or Piezoelectric 
Transducers 


• Overall Gain Adjustable with One External 
Resistor 


TYPE TL852 
SONAR RANGING RECEIVER 

D2779, NOVEMBER 1983 


N DUAL-IN-LIIME PACKAGE 
(TOP VIEW) 


G1IN C 

1 


D GND 

XIN C 

2 

15 

H GCD 

GADJ C 

3 

14 

D GCA 

LC E 

4 

13 

D GCB 

vcc E 

5 

12 

H GCC 

G1 OUT E 

6 

11 

H NC 

G2IN E 

7 

10 

H NC 

BIAS E 

8_ 

9 

H REC 


NC — No internal connection 


description 

The TL852 is an economical sonar ranging receiver integrated circuit for use with the TL851 control 
integrated circuit. A minimum of external components is required for operation, and this amplifier easily 
interfaces to Polaroid's 50-kilohertz electrostatic transducer. An external 68-kilohm ±5% resistor from 
pin 8 (Bias) to pin 1 6 (GND) provides the internal biasing reference. Amplifier gain can be set with a resistor 
from pin 1 (G1IN) to pin 3 (GADJ). Required amplifier gain will vary for different applications. Using the 
detect-level measurement circuit of Figure 1 , a nominal peak-to-peak value of 230 millivolts input during 
gain step 2 is recommended for most applications. For reliable operation, a level no lower than 50 millivolts 
should be used. The recommended detect level of 230 millivolts can be obtained for most amplifiers with 
an R1 value between 5 kilohms and 20 kilohms. 


Digital control of amplifier gain is provided with gain control inputs on pins 12 through 15. These inputs 
must be driven synchronously (all inputs stable within 0. 1 microsecond) to avoid false receive output signals 
due to invalid logic counts. This can be done easily with the TL851 control 1C. A plot showing relative 
gain for the various gain steps versus time can be seen in Figure 2. To dampen ringing of the 50-kilohertz 
electrostatic transducer, a 5-kilohm resistor from pin 1 (GAIN) to pin 2 (XIN) is recommended. 



An external parallel combination of inductance and capacitance between pin 4 (LC) and pin 5 (Vcc) provides 
an amplifier with an externally controlled gain and Q. This not only allows control of gain to compensate 
for attenuation of signal with distance, but also maximizes noise and sidelobe rejection. Care must be taken 
to accurately tune the L-C combination at operating frequency or gain and Q will be greatly reduced at 
higher gain steps. 


AC coupling between stages of the amplifier is accomplished with a 0.01 -microfarad capacitor for proper 
biasing. 


The receive output is normally held at a low level by an internal 1 -microampere current source. When an 
input of sufficient amplitude is received, the output is driven alternately by the 1 -microampere discharge 
current and a 50-microampere charging current. A 1000-picofarad capacitor is required from the receive 
output (pin 9) to ground (pin 16) to integrate the received signal so that one or two noise pulses will not 
be recognized. 


Pin 2 (XIN) provides clamping for the transformer secondary when used for transducer transmit drive as 
shown in Figure 4 of the SN28827 data sheet. 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 
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TYPE TL852 
SONAR RANGING RECEIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage at any pin with respect to GND -0.5 V to 7 V 

Voltage at any pin with respect to Vqc -7 V to 0.5 V 

XIN input current (50% duty cycle) ±60 mA 

Continuous power dissipation at (or below) 25 °C free-air temperature (see Note 1) 1150 mW 

Operating free-air temperature range -40°C to 85 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/°C. 


recommended operating conditions 



MIN 

MAX 

UNIT 

Supply voltage, Vcc 

4.5 

6.8 

V 

High-level input voltage, V|j-) 

GCA, GCB, GCC, GCD 

2.1 

V 

Low-level input voltage, V||_ 

0.6 

V 

Bias resistor between pins 8 and 

16 

64 

72 

kfi 

Operation free-air temperature, T/\ 

0 

40 

°C 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(Ta = 0°C to 40 °C) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input clamp voltage at XIN 

l| = 40 mA 

2.5 

V 

l| = -40 mA 

-1.5 

Open-circuit input voltage 
at GCA, GCB, GCC, GCD 

V CC = 5 V, 1, = 0 

2.5 

V 

High-level input current, I|h, 
into GCA, GCB, GCC, GCD 

V C C = 5 V, V, H = 2 V 

-0.5 

mA 

Low-level input current, l|i_, 
into GCA, GCB, GCC, GCD 

V C C = 5 V, V| L = 0 

-3 

mA 

Receive output current 

*G2IN = -100 fiA, Vq — 0.3 V 

1 

A A 

IG2IN = 100 f*A. Vq = 0.1 V 

-50 

Supply current, Iqc 


45 

mA 
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Special Functions 


TYPE TL852 

SONAR RANGING RECEIVER 


TYPICAL APPLICATION INFORMATION 


detect level vs gain step 

Detect level is measured by applying a 1 5-cycle burst of 49.4 kilohertz square wave just after the beginning 
of the gain step to be tested. The least burst amplitude that makes the REC pin reach the trip level is defined 
to be the detect level. System gain is then inversely proportional to detect level. See the test circuit in 
Figure 1 . 




ALL CAPACITORS ±1%, FILM 


LI Q > 60 at 50 kHz 
Cl Q > 500 at 50 kHz 


INPUT 

SIGNAL 


15 PULSES 



REC 

OUTPUT 


COMPARATOR 

OUTPUT 



FIGURE 1— DETECT-LEVEL MEASUREMENT CIRCUIT AND WAVEFORMS 
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TYPE TL852 
SONAR RANGING RECEIVER 


TYPICAL APPLICATION INFORMATION 


GAIN STEP TABLE 


GCD 

GCC 

GCB 

GCA 

STEP 

NUMBER 

L 

L 

L 

L 

0 

L 

L 

L 

H 

1 

L 

L 

H 

L 

2 

L 

L 

H 

H 

3 

L 

H 

L 

L 

4 

L 

H 

L 

H 

5 

L 

H 

H 

L 

6 

L 

H 

H 

H 

7 

H 

L 

L 

L 

8 

H 

L 

L 

H 

9 

H 

L 

H 

L 

10 

H 

L 

H 

H 

11 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Very Low Power Consumption ... 1 mW 
Typ at VpD = 5 V 

• Capable of Very-High-Speed Operation 

Typically 2 MHz in Astable Mode 


• Complementary MOS Output Capable of 
Swinging Rail-to-Rail 

• High Output-Current Capability 

Sink 100 mA Typ 
Source 10 mA Typ 


• Output Fully CMOS-, TTL-, and 
MOS-Compatible 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High Impedance Inputs . . . 10 12 fi Typ 

• Single-Supply Operation from 1 to 18 Volts 

• Functionally Interchangeable with the 
Signetics NE555; has Same Pinout 


description 

The TLC551 is a monolithic timing circuit fabricated 
using Tl's LinCMOS™ process. Due to its high- 
impedance inputs (typically 10 12 U), it is capable of 
producing accurate time delays and oscillations while 
using less-expensive, smaller timing capacitors than 
the NE555. Like the NE555 , the TLC551 achieves 
both monostable (using one resistor and one capacitor) 
and astable (using two resistors and one capacitor) 
operation. In addition, 50% duty cycle astable 
operation is possible using only a single resistor and 
one capacitor. The LinCMOS™ process allows the 
TLC551 to operate at frequencies up to 2 MHz and 
be fully compatible with CMOS, TTL, and MOS logic. 
It also provides very low power consumption (typically 
1 mW at Vdd = 5 V) over a wide range of supply 
voltages ranging from 1 volt to 18 volts. 


TYPE TLC551C 
LinCMOS™ TIMER 


D2791 , FEBRUARY 1984 


D, JG, OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


gndC 

trigC 

outC 

RESET C 


TTJs 

2 7 

3 6 

4 5 


Dvdd 

I]DSCH 

Dthres 

Dcont 


functional block diagram 

V DD RESET 



5 


The threshold and trigger levels are normally two-thirds and one-third respectively of Vdd- These levels can be altered 
by use of the control voltage terminal. When the trigger input fails below the trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the trigger level and the threshold input is above the threshold level, 
the flip-flop is reset and the output is low. The reset input can override all other inputs and can be used to initiate 
a new timing cycle. When the reset input goes low, the flip-flop is reset and the output goes low. Whenever the output 
is low, a low-impedance path is provided between the discharge terminal and ground. 

While the CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC551 exhibits greatly 
reduced supply current spikes during output transitions. This minimizes the need for the large decoupling capacitors 
required by the NE555. 


The TLC551C is characterized for operation from 0°C to 70 °C. 


ADVANCE INFORMATION Copyright © 1984 by Texas Instruments Incorporated 
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TYPE TLC551C 
LinCMOS™ TIMER 


FUNCTION TABLE 


RESET 

TRIGGER 
VOLTAGE t 

THRESHOLD 
VOLTAGE t 

OUTPUT 

DISCHARGE 

SWITCH 

Low 

Irrelevant 

Irrelevant 

Low 

On 

High 

< 1/3 V DD 

Irrelevant 

High 

Off 

High 

> 1/3 V DD 

> 2/3 V DD 

Low 

On 

High 

> 1/3 V DD 

< 2/3 Vqd 

As previously established 


^Voltages levels shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd (see Note 1) 18 V 

Input voltage range (any input) -0.3 V to 18 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 600 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at 25 °C free-air temperature, Vqd = 1 V to 15 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Threshold voltage level as a 
percentage of supply voltage 


66.7% 


Threshold current 

V DD = 5 V 

10 

pA 

Trigger voltage level as a 
percentage of supply voltage 


33.3% 


Trigger current 

V DD = 5 V 

10 

pA 

Reset voltage level 


0.7 

V 

Reset current 

V D D = 5 V 

±10 

pA 

Control voltage (open-circuit) as a 
percentage of supply voltage 


66.7% 


Low-level output voltage 

V DD = 15 V 

1 o L = 1° mA 

0.1 

V 

Iql = 50 mA 

0.5 

Iql =100 mA 

1 

V DD = 5 V 

IqL = 5 mA 

0.1 

Iql = 8 mA 

0.16 

High-level output voltage 

V D D = 15 V 

lOH = "I mA 

14.8 

V 

lOH = -5 mA 

14 

iOH = "10 mA 

12.7 

V DD = 5 V 

Iqh = - 2 mA 

4 

Iqh = -1 mA 

4.5 

Supply current 

V DD = 15 V 

360 

fiA 

V D D = 5 V 

170 
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TYPE TLC551C 
LinCMOS™ TIMER 


operating characteristics, Vqd = 1.2 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Initial error of timing interval 

V DD = 1 V to 15 V, 

1% 


Supply voltage sensitivity 
of timing interval 

r A = r B = 1 
C T = o.l (iF, 

k!2 to 1 00 kS2, 

See Note 1 

0.1 

%/V 

Output pulse rise time 

R L = 10 MQ, 

C L = 10 pF 

20 

ns 

Output pulse fall time 

20 

Maximum frequency in 

R A = 470 0, 

R B = 200 fi, 

2.1 

MHz 

astable mode 

C T = 200 pF, 

See Note 1 


NOTE 1 : R A , Rg, and Cj are as defined in Figure 1 . 


TYPICAL APPLICATION DATA 


V DD = 1.5V 



f « 

(R A + Rb)C 


FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 
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TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 


D2796, FEBRUARY 1984 


LINEAR 

INTEGRATED 

CIRCUITS 


Very Low Power Consumption 
... 2 mW Typ at Vqd = 5 V 

Capable of Very High-Speed Operation 
. . . Typically 2 MHz in Astable Mode 

Complementary MOS output Capable of 
Swinging Rail-to-Rail 


• High Output-Current Capability 

. . . Sink 100 mA Typ 
. . . Source 10 mA Typ 

• Output Fully CMOS-, TTL-, and 
MOS-Compatible 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High Impedance Inputs . . . 10 12 Q Typ 

• Single-Supply Operation 
TLC552 . . . from 1 to 18 Volts 
TLC556 . . . from 2 to 18 Volts 

• Functionally Interchangeable with the 
Signetics NE556 and SE556; Has Same 
Pinout 

description 

The TLC552 and TLC556 are dual monolithic timing 
circuits fabricated using Tl's LinCMOS™ process. 
Due to their high-impedance inputs (typically 1 0 1 2 Q), 
they are capable of producing accurate time delays 
and oscillations while using less expensive, smaller 
timing capacitors than the NE556. Like the NE556, 
the TLC552 and TLC556 achieve both monostable 
(using one resistor and one capacitor) and astable 
(using two resistors and one capacitor) operation. In 
addition, 50% duty cycle astable operation is possible 


TLC556M . . . J DUAL-IN-LINE PACKAGE 
TLC552C, TLC556C . . . D OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 



functional block diagram (each timer) 

V DD RESET 



Reset can override Trigger and Threshold. 
Trigger can override Threshold. 


using only a single resistor and one capacitor. The 
LinCMOS™ process allows the TLC552 and TLC556 

to operate at frequencies up to 2 MHz and be fully compatible with CMOS, TTL, and MOS logic. It also provides very 
low power consumption (typically 2 mW at Vqd = 5 V) over a wide range of supply voltages ranging from 1 volt 
to 18 volts for the TLC552 and 2 volts to 1 8 volts for the TLC556. 



The threshold and trigger levels are normally two-thirds and one-third respectively of Vdq. These levels can be altered 
by use of the control voltage terminal. When the trigger input falls below trigger level, the flip-flop is set and the output 
goes high. If the trigger input is above the trigger level and the threshold input is above the threshold level, the flip-flop 
is reset and the output is low. The reset input can override all other inputs and can be used to initiate a new timing 
cycle. When the reset input goes low, the flip-flop is reset and the output goes low. Whenever the output is low, 
a low impedance path is provided between the discharge terminal and ground. 

While the CMOS output is capable of sinking over 1 00 mA and sourcing over 1 0 mA, the TLC552 and TLC556 exhibit 
greatly reduced supply current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE556. 


The TLC556M will be characterized for operation over the full military temperature range of - 55 °C to 1 25 °C. The 
TLC552CM and TLC556C are characterized for operation from 0°C to 70 °C. 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 


Copyright © 1984, Texas Instruments Incorporated 

, Texas 5 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Special Functions 




Special Functions 


TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 


FUNCTION TABLE 


RESET 

TRIGGER 
VOLTAGE f 

THRESHOLD 
VOLTAGE + 

OUTPUT 

DISCHARGE 

SWITCH 

Low 

Irrelevant 

Irrelevant 

Low 

On 

High 

< 1/3 V DD 

Irrelevant 

High 

Off 

High 

> 1/3 Vqd 

> 2/3 Vqd 

Low 

On 

High 

> 1/3 Vqd 

< 2/3 V DD 

As previously established 


'•'Voltages levels shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd ( see Note 1) 18 V 

Input voltage range (any input) -0.3 V to 18 V 

Continuous total dissipation at (or below 25 °C free-air temperature (see Note 2) 950 mW 

Operating free-air temperature range: TLC556M -55°C to 125°C 

TLC552C, TLC556C 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300° 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


electrical characteristics at 25 °C free-air temperature, Vqd = 1 V to 1 5 V for TLC552 or 2 V to 1 5 V for TLC556 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Threshold voltage level as a 
percentage of supply voltage 


66.7% 


Threshold current 

V D D = 5 V 

10 

pA 

Trigger voltage level as a 
percentage of supply voltage 


33.3% 


Trigger current 

V DD = 5V 

10 

PA 

Reset voltage level 


0.7 

V 

Reset current 

V D D = 5 V 

±10 

pA 

Control voltage (open-circuit) as a 
percentage of supply voltage 


66.7% 


Low-level output voltage 

V D D “ 15 V 

Iql = 10 mA 

0.1 

V 

1 o L = 50 mA 

0.5 

Iql = 100 mA 

1 

Vqd = 5 V 

Iql = 5 mA 

0.1 

Iql = 8 mA 

0.16 

High-level output voltage 

> 

LO 

II 

Q 

O 

> 

Iqh = “I mA 

14.8 

V 

lOH = ~5 mA 

14 

•OH = _ 10 mA 

12.7 

VDD = 5 V 

Iqh = “2 mA 

4 

Iqh = “I mA 

4.5 

Supply current 

V D D “15 V 

360 

m a 

Vqd “ 5 V 

170 
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TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 


operating characteristics, VpD = 1.2 V for TLC552 or 2 V for TLC556, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Initial error of timing interval 

Vdd = 1 V to 15 V for TLC552, or 

2 V to 1 5 V for TLC556 

R A = r B = 1 to 100 kO, 

Cy = 0.1 nF, 

See Figure 1 

1% 


Supply voltage sensitivity 
of timing interval 

0.1 

%/V 

Output pulse rise time 

Vdd = 5 V, R|_ = 10 MQ, 

C L = 10 pF 

20 

ns 

Output pulse fall time 

20 

Maximum frequency in 

astable mode 

R A = 470 0, R B = 200 0, 

Cj = 200 pF 

2.1 

MHz 


TYPICAL APPLICATION DATA 


VDD 



FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 
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TYPES TLC555M, TLC555C 
LinCMOS™ TIMERS 

D2784, SEPTEMBER 1983 


• Very Low Power Consumption ... 1 mW 
Typ at VpD = 5 V 

• Capable of Very-High-Speed Operation 
. . . Typically 2 MHz in Astable Mode 

> • Complementary CMOS output Capable of 

Swinging Rail-to-Rail 

• High Output-Current Capability 

. . . Sink 100 mA Typ 
. . . Source 10 mA Typ 

• Output Fully CMOS-, TTL-, and 
MOS-Compatible 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High Impedance Inputs . . . 10 12 0 Typ 

• Single-Supply Operation from 2 to 18 V 

• Functionally Interchangeable with the 
Signetics NE555; has Same Pinout 

description 


TLC555M . . . JG PACKAGE 
C555C . . . D, JG, or P PACKAGE 
(TOP VIEW) 

GNDd 1 TTThVoD 

TRIG C 2 7 []DSCH 

OUT[I 3 6 Uthres 

RESET f 4 5]]CONT 


functional block diagram 

V DD RESET 

(8) |CONTROL 


( 2 ) 

TRIGGER 




The TLC555 is a monolithic timing circuit fabricated 
using Tl's LinCMOS™ process. Due to its high- 

impedance inputs (typically 10 12 ft), it is capable of GND ru uHo^n«n«c 

producing accurate time delays and oscillations while 

„ . . Reset can override Trigger, which can override Threshold, 

using less expensive, smaller timing capacitors than 

the NE555. Like the NE555, the TLC555 achieves 
both monostable (using one resistor and one capacitor) 
and astable (using two resistors and one capacitor) 

operation. In addition, 50% duty cycle astable operation is possible using only a single resistor and one capacitor. 
The LinCMOS™ process allows the TLC555 to operate at frequencies up to 2 MHz and be fully compatible with CMOS, 
TTL, and MOS logic. It also provides very low power consumption (typically 1 mW at Vqq = 5 V) over a wide range 
of supply voltages ranging from 2 volts to 18 volts. 

Like the NE555, the threshold and trigger levels are normally two-thirds and one-third respectively of Vdq. These 
levels can be altered by use of the control voltage terminal. When the trigger input falls below trigger level, the flip- 
flop is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above 
the threshold level, the flip-flop is reset and the output is low. The reset input can override all other inputs and can 
be used to initiate a new timing cycle. When the reset input goes low, the flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance path is provided between the discharge terminal and ground. 

While the complementary CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC555 
exhibits greatly reduced supply current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE555. 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltage up to 2000 volts as tested under MIL-STD-883B, Method 301 5.1 . However, care should be exercised in 
handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

All unused inputs should be tied to an appropriate logic level to prevent false triggering. 

The TLC555M is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C; the TLC555C 
is characterized for operation from 0°C to 70 °C. 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 
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TYPES TLC555M, TLC555C 
LinCMOS™ TIMERS 


FUNCTION TABLE 


RESET 

TRIGGER 
VOLTAGE f 

THRESHOLD 
VOLTAGE t 

OUTPUT 

DISCHARGE 

SWITCH 

Low 

Irrelevant 

Irrelevant 

Low 

On 

High 

< 1/3 V DD 

Irrelevant 

High 

Off 

High 

> 1/3 V DD 

> 2/3 V DD 

Low 

On 

High 

> 1/3 V DD 

< 2/3 V DD 

As previously established 


t Voltages levels shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd ( see Note 1) . 18 V 

Input voltage range (any input) -0.3 V to 18 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 600 mW 

Operating free-air temperature range: TLC555M -55°C to 125°C 

TLC555C 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TLC555M chips are alloy- 
mounted. 


electrical characteristics at 25 °C free-air temperature, Vqd = 5 V to 15 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Threshold voltage level as a 
percentage of supply voltage 


66.7% 


Threshold current 

V DD = 5 V 

10 

PA 

Trigger voltage level as a 
percentage of supply voltage 


33.3% 


Trigger current 

V DD = 5 V 

10 

pA 

Reset voltage level 


0.7 

V 

Reset current 

V DD = 5 V 

±10 

pA 

Control voltage (open-circuit) as a 
percentage of supply voltage 


66.7% 


Low-level output voltage 

V D D = 15 V 

Iql =10 mA 

0.1 

V 

Iql = 50 mA 

0.5 

Iql = 100 mA 

1 

V DD = 5 V 

Iql “ 5 mA 

0.1 

Iql = 8 mA 

0.16 

High-level output voltage 

V D D = 15 V 

Iqh = “I mA 

14.8 

V 

lOH = “5 mA 

14 

lOH = -10 mA 

12.7 

V D D = 5 V 

lOH = “2 mA 

4 

Iqh = - 1 mA 

4.5 

Supply current 

V D D = 15 V 

360 

MA 

V D D = 5 V 

170 
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TYPES TLC555M. TLC555C 
LinCMOS™ TIMERS 


operating characteristics, Vqq = 5 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Initial error of timing interval 

V DD = 5 V to 15 V, 

R A = R B = 1 to 100 kfl, 

C T = 0.1 fiF, 

See Figure 1 

1% 


Supply voltage sensitivity 
of timing interval 

0.1 

%/V 

Output pulse rise time 

V DD = 5 V, R L = 10 Mfl, 

C L = 10 pF 

20 

ns 

Output pulse fall time 

20 

Maximum frequency in 

astable mode 

R A = 470 Q, R b = 200 fi, 

C T = 200 pF 

2.1 

MHz 


TYPICAL APPLICATION DATA 

VDD 
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Special Functions 
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LINEAR 

INTEGRATED 

CIRCUITS 


200 MHz Bandwidth 
250 k£2 Input Resistance 

Selectable Nominal Amplification of 
10, 100, or 400 

No Frequency Compensation Required 


• Designed to be Interchangeable with 
Fairchild /iA733M and ^A733C 


description 

The uA733 is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 

Internal series-shunt feedback provides wide band- 
width, low phase distortion, and excellent gain 
stability. Emitter-follower outputs enable the device 
to drive capacitive loads and all stages are current- 
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 

Fixed differential amplification of 10, 100, or 400 
may be selected without external components, or 
amplification may be adjusted from 10 to 400 by the 
use of a single external resistor connected between 
1A and IB. No external frequency-compensating 
components are required for any gain option. 

The device is particularly useful in magnetic-tape or 
disc-file systems using phase or NRZ encoding and in 
high-speed thin-film or plated-wire memories. Other 
applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, 
and excellent gain stability are required. 

The uA733M is characterized for operation over the 
full military temperature range of — 55° C to 125°C; 
the uA733C is characterized for operation from 
0°C to 70°C. 


TYPES UA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

D922, NOVEMBER 1970-REVISED OCTOBER 1979 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


IN+ C 

1 

Ul4 

D IN- 

NC C 

2 

13 

U NC 

GAIN ADJ 2A Z 

3 

12 

3 GAIN ADJ 2B 

GAIN ADJ 1 A C 

4 

11 

J GAIN ADJ IB 

vcc- C 

5 

10 

H vcc + 

NC C 

6 

9 

U NC 

OUT+ Z 

7 

8 

3 OUT- 


NC — No internal connection 


uA733M . . . U FLAT PACKAGE 
(TOP VIEW) 


IN+ £>1 
GAIN ADJ 2A C 2 
GAIN ADJ 1A C 3 
VCC- C 4 
OUT + C 5 


10 U IN- 
9 H GAIN ADJ 2B 
8 H GAIN ADJ IB 
7 H VqC + 

6 U OUT- 


symbol 


GAIN ADJUST 1A 
GAIN ADJUST 2A 

IN+ 


IN- 


GAIN ADJUST IB 
GAIN ADJUST 2B 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



UA733M 

uA733C 

UNIT 

Supply voltage VqC+ (See Note D 

8 

8 

V 

Supply voltage Vcc_ (See Note 1) 

-8 

-8 

V 

Differential input voltage 

±5 

±5 

V 

Common-mode input voltage 

±6 

+6 

V 

Output current 

10 

10 

mA 

Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 

500 

500 

mW 

Operating free-air temperature range 

-55 to 125 

Oto 70 

°C 

Storage temperature range 

-65 to 1 50 

-65 to 1 50 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds , 

J or U package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

N package 


260 

°C 


NOTES: 1. All voltage values, except differential input voltages, are with respect to the midpoint between Vqq + and Vqq_. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, uA733M chips are alloy mounted; 
uA733C chips are glass mounted. 
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Special Functions 


TYPES UA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


electrical characteristics, v cc+ = 6 V, V CC _ = -6 V, T a = 25° C 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

GAIN 
OPTION * 

uA733M 

uA733C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Large-signal differential 

A\/d 

voltage amplification 

1 

V 0D = 1 V 

1 

300 400 500 

250 400 600 


2 

90 100 110 

80 100 120 

3 

9 10 11 

CN 

O 

CO 

BW Bandwidth 

2 

R S = 50 12 

1 

50 

50 

MHz 

2 

90 

90 

3 

200 

200 

1 1 q 1 nput offset current 



Any 

0.4 3 

0.4 5 

mA 

l|B Input bias current 



Any 

9 20 

9 30 

mA 

Common-mode 

V| C R 

input voltage range 

1 


Any 

±1 

±1 

V 

Common-mode 

v OC 

output voltage 

1 


Any 

2.4 2.9 3.4 

2.4 2.9 3.4 

V 

Vqo Output offset voltage 

1 


1 

0.6 1.5 

0.6 1.5 

V 

2 & 3 

0.35 1 

0.35 1.5 

Maximum peak-to-peak 

v OPP 

output voltage swing 

1 


Any 

3 4.7 

3 4.7 

V 

r\ Input resistance 

3 

V 0D < 1 V 

1 

4 

4 

kn 

2 

20 24 

10 24 

3 

250 

250 

r Q Output resistance 




20 

20 

12 

Cj Input capacitance 

3 

V 0 D < 1 V 

2 

2 

2 

pF 

Common-mode 

CMRR 

rejection ratio 

4 

V IC = ±1 V, f < 100 kHz 

2 

60 86 

60 86 

dB 

V| C = ±1V, f = 5 MHz 

2 

70 

70 

Supply voltage 
kg\/R rejection ratio 

(AVcc/AViq) 

1 

AVcc+ = ± 0-5 V, 

AV C C- = ± 0.5 V 

2 

50 70 

50 70 

dB 

Broadband equivalent 
v n . 

input noise voltage 

5 

BW = 1 kHz to 10 MHz 

Any 

12 

12 

mV 

t pc | Propagation delay time 

2 

RS = 50 n. 

Output voltage step = 1 V 

1 

7.5 

7.5 

ns 

2 

6.0 10 

6.0 10 

3 

3.6 

3.6 

t r Rise time 

2 

RS = 50 12 . 

Output voltage step = 1 V 

1 

10.5 

10.5 

ns 

2 

4.5 10 

4.5 12 

3 

2.5 

2.5 

Maximum output 

*sink(max) . . 

sink current 



Any 

2.5 3.6 

2.5 3.6 

mA 

ICC Supply current 


No load, no signal 

Any 

16 24 

16 24 

mA 


*The gain option 
Gain Option 1 
Gain Option 2 
Gain Option 3 


is selected as follows: 

. . . Gain-adjust pin 1A is connected to pin IB, and pins 2 A and 2B are open. 
. . . Gain-adjust pin 1A and pin IB are open, pin 2A is connected to pin 2B. 
... All four gain-adjust pins are open. 
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TYPES UA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


electrical characteristics (continued), Vcc+ = 6 V, VcC— = — 6 V 
Ta = -55°C to 125°C for uA733M, 0°C to 70°C for uA733C 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

GAIN 
OPTION t 

uA733M 

UA733C 

UNIT 

MIN MAX 

MIN MAX 

Large-signal differential 

A\/d 

voltage amplification 

1 

V 0D = 1 V 

1 

200 600 

250 600 


2 

80 120 

80 120 

3 

8 12 

8 12 

1 1 0 Input offset current 



Any 

5 

6 

m a 

l|B Input bias current 



Any 

40 

40 

m a 

y Common-mode 

input voltage range 

1 


Any 

±1 

±1 

V 

Vqo Output offset voltage 

1 


1 

1.5 

1.5 

V 

2 & 3 

1.2 

1.5 

Maximum peak-to-peak 

VOPP 

output voltage swing 

1 


Any 

2.5 

2.8 

V 

rj Input resistance 

3 

V 0 D< 1 V 

2 

8 

8 

kn 

„ Common-mode 

CMRR 

rejection ratio 

4 

V|c = ±1 V, f < 100 kHz 

2 

50 

50 

dB 

V| C = ±1 v, f = 5 MHz 

2 



Supply voltage 
kg\/R rejection ratio 

(AVccMVio) 

1 

AV C C+ = ±0.5 V, 

AVcc- = ±0.5 V 

2 

50 

50 

dB 

Maximum output 
Isink(max) . . 

sink current 



Any 

2.2 

2.5 

mA 

ICC Supply current 


No load. No signal 

Any 

27 

27 

mA 


^The gain option is selected as follows: 

Gain Option 1 . . . Gain-adjust pin 1A is connected to pin IB, and pins 2A and 2B are open. 
Gain Option 2 . . . Gain-adjust pin 1A and pin IB are open, pin 2A is connected to pin 2B. 
Gain Option 3 ... Ail four gain-adjust pins are open. 


schematic 
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Special Functions 


TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


DEFINITION OF TERMS 


Large-Signal Differential Voltage Amplification (A\/d) The ratio of the change in voltage between the output terminals 
to the change in voltage between the input terminals producing it. 

Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more than 3 dB 
below its low-frequency value. 

Input Offset Current ( I iq) The difference between the currents into the two input terminals with the inputs grounded. 

Input Bias Current (I|b) The average of the currents into the two input terminals with the inputs grounded. 

Input Voltage Range (V|) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease 
functioning properly. 

Common-Mode Output Voltage (Vqc) The average of the d-c voltages at the two output terminals. 

Output Offset Voltage (Voo) The difference between the d-c voltages at the two output terminals when the input 
terminals are grounded. 

Maximum Peak-to-Peak Output Voltage Swing (Vopp) The maximum peak-to-peak output voltage swing that can be 
obtained without clipping. This includes the unbalance caused by output offset voltage. 

Input Resistance (rj) The resistance between the input terminals with either input grounded. 

Output Resistance (r Q ) The resistance between either output terminal and ground. 

Input Capacitance (Cj) The capacitance between the input terminals with either input grounded. 



Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode voltage 
amplification. This is measured by determining the ratio of a change in input common-mode voltage to the resulting 
change in input offset voltage. 

Supply Voltage Rejection Ratio (AVcc/AV|q) The absolute value of the ratio of the change in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically. 


Equivalent Input Noise Voltage (V n ) The voltage of an ideal voltage source (having an internal impedance equal to 
zero) in series with the input terminals of the device that represents the part of the internally generated noise that can 
properly be represented by a voltage source. 


Propagation Delay Time (t pc |) The interval between the application of an input voltage step and its arrival at either 
output, measured at 50% of the final value. 

Rise Time (t r ) The time required for an output voltage step to change from 10% to 90% of its final value. 

Maximum Output Sink Current (Isink(max)) The maximum available current into either output terminal when that 
output is at its most negative potential. 

Supply Current dec) The average of the magnitudes of the two supply currents IqC 1 and , CC2- 
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TYPES UA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


test circuits 




0.2 juF 





FIGURE 5 


2B IB 



VOLTAGE AMPLIFICATION ADJUSTMENT 
FIGURE 6 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 


PHASE SHIFT 

VS 

FREQUENCY 









1 

^ Vcc+ 

— 1 — 
6 V 








Vcc- 

= — 6 V 

-O 


s 






1/ 


0 u 



















GAIN 2 
























X. 











N 

























1 23456789 10 

f— Frequency— MHz 


PHASE SHIFT 
vs 

FREQUENCY 


50° 

0 ° 

-50 c 

-100 c 

£ -150 c 
x: 

CO , 

a) -200 
CO 

£ -250 c 
— 300 c 
— 350 c 
— 400 c 
-450° 




T A = 25° C 


HI 

in 

in 


4 10 40 100 

f— Frequency— MHz 

FIGURE 8 


I 



VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) 
vs 

TEMPERATURE 



-50 -25 0 25 50 75 100 125 

T A — Free-Air Temperature— °C 

FIGURE 9 


VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) 
vs 

SUPPLY VOLTAGE 



I.OhGAIN 3 
[GAIN 2 


4 5 6 7 

IVcc±l — Supply Voltage— V 




TYPES UA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


VS 



10 1 1111 mil 1 1 1 1 Lilli 1111 LL LU 

10 40 100 400 Ik 4 k 10k 

R a dj — R esi s t ance Between G1A and GIB— £2 


FIGURE 11 


SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 





















4 — u 

A733 

T 

C 

— 


























V 

CC+ = 

= 6 V 






Vcc- = -6 V 

No Load 





No Signal 














-75 -50 -25 0 25 50 75 100 125 


Ta— Free-Air Temperature— °C 
FIGURE 13 


SINGLE-ENDED VOLTAGE AMPLIFICATION 


vs 



1 4 10 40 100 400 

f— Frequency— MHz 

FIGURE 12 


SUPPLY CURRENT 


vs 



3 4 5 6 7 8 

IVCC± 1-Supply Voltage— V 



FIGURE 14 
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Voltage-V VQpp-Maximum Peak-to-Peak Output Voltage— 


TYPES UA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Accurate Timing from Microseconds to 
Days 

• Programmable Delays from 1 Time Constant 
to 255 Time Constants 


• Outputs Compatible with TTL and CMOS 


• Wide Supply-Voltage Range 

• External Sync and Modulation Capability 


TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


D2442, JUNE 1978-REVISED FEBRUARY 1984 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OUTPUTS< 


fooC 

1 


QIC 

2 

15 

Q2C 

3 

14 

1 Q3C 

4 

13 

) Q4C 

5 

12 

Q5C 

6 

11 

Q6C 

7 

10 

Lq7C 

8 

9 


H REGULATOR \ 
D TIME BASE f 

Dr/c 


OUTPUTS 


1 


INPUTS 


description 

These circuits consist of a time-base oscillator, an eight-bit counter, a control flip-flop, and a voltage regulator. The 
frequency of the time-base oscillator is set by the time constant of an external resistor and capacitor at pin 1 3 and 
can be synchronized or modulatd by signals applied to the modulation input. The output of the time-base section is 
applied directly to the input of the counter section and also appears at pin 14 (time base). The time-base pin may 
be used to monitor the frequency of the oscillator, to provide an output pulse to other circuitry, or (with the time-base 
section disabled) to drive the counter input from an external source. The counter input is activated on a negative- 
going transition. The reset input stops the time-base oscillator and sets each binary output, QO through Q7, and the 
time-base output to a TTL high level. After resetting, the trigger input starts the oscillator and all Q outputs go low. 
Once triggered, the UA2240C will ignore any signals at the trigger input until it is reset. 

The uA2240C timer/counter may be operated in the free-running mode or with output-signal feeedback to the reset 
input for automatic reset. Two or more binary outputs may be connected together to generate complex pulse patterns, 
or each output may be used separately to provide eight output frequencies. Using two circuits in cascade can provide 
precise time delays of up to three years. 

The uA2240C is characterized for operation from 0°C to 70 °C. 
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Special Functions 


TYPE UA2240C 

PROGRAMMABLE TIMERfCOUNTER 


functional block diagram 

REGULATOR 

V C C OUTPUT 



absolute maximum ratings 

Supply voltage, Vqc (see Note 1 ) 1 8 V 

Output voltage: QO thru Q7 18V 

5 Output current: QO thru Q7 . 10 mA 

Regulator output current - 5 mA 

Continuous dissipation at (or below) 25 °C free-air temperature (see Note 2): 650 mW 

Operating free-air temperature range 0°C to 70 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTES: 1 . Voltage values are with respect to the network ground terminal. 

2. For operation above 25 °C, see the Dissipation Derating Curves, Section 2. 


recommended operating conditions 



UA2240C 

UNIT 

MIN NOM MAX 

Supply voltage, Vqq (see Note 3) 

4 14 

V 

Timing resistor 

o 

o 

o 

o 

M0 

Timing capacitor 

0.01 1000 


Counter input frequency (Pin 14) 

1.5 

MHz 

Pull-up resistor, time-base output 

20 

kO 

Trigger and reset input pulse voltage 

2 3 

V 

Trigger and reset input pulse duration 

2 

IlS 

External clock input pulse voltage 

3 

V 

External clock input pulse duration 

1 

(IS 


NOTE 3: For operation with Vqc ^ 4.5 V, short regulator output to V^q. 
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TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


electrical characteristics at 25 °C free-air temperature 


PARAMETER 

TEST 

CIRCUIT 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Regulator output voltage 

1 

V C C = 5 V, 

Trigger and reset open or grounded 

3.9 

4.4 


v 

2 

V CC = 15 V, 

Trigger and reset open or grounded 

5.8 

6.3 

6.8 


Modulation input open 

1 

V C C = 5 V, 

Trigger and reset open or grounded 

2.8 

3.5 

4.2 

v 

circuit voltage 


V C C = 15 V, 

Trigger and reset open or grounded 

10.5 


Trigger threshold voltage 

1 

V C C = 5 V, 

Reset at 0 V 



1.4 

2 

V 

High-level trigger current 

1 

V C C = 5 V, 

Trigger at 2 V, 

Reset at 0 V 

. 10 


Reset threshold voltage 

1 

V CC = 5 V, 

T rigger at 0 V 



1.4 

2 

V 

High-level reset current 

1 

V C C = 5 V, 

Trigger at 0 V 


10 

A A 

Couonter input (time base) 
threshold voltage 

2 

V C C = 5 V, 

Trigger and reset open or grounded 

1 1.4 

V 

Low-level output current, 

QO thru Q7 

2 

V CC = 5 V, 
Vql < 0.4 V 

Trigger at 2 V, 

Reset at 0 V, 

2 

4 


mA 

High-level output current, 

QO thru Q7 

2 

V 0H = 15 V, 

Reset at 2 V, 

Trigger at 0 V 


0.01 

15 

m a 


1 

V C C = 5 V, 

Trigger at 0 V, 

Reset at 5 V 


4 

7 


Supply current 

1 

V C C = 15 V, 

Trigger at 0 V, 

Reset at 5 V 


13 

18 

mA 


3 

V + = 4 V 

1.5 



operating characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST 

CIRCUIT 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Initial error of time base* 

1 

Vcc = 5 V, Trigger at 5 V, Reset at 0 V 

±0.5 ±5 

% 

Temperature coefficient 
of time-base period 

1 

T A = 0°C to 70°C 

V C C = 5 V 

-200 

ppm/°C 

< 

o 

o 

II 

cn 

< 

-80 

Supply voltage sensitivity 
of time-base period 

1 

V CC ^ 8 V 

-0.08 -0.3 

%/V 

Time-base output frequency 

1 

V C c = 5 V, R = MIN, C = MIN 

130 

kHz 

Propagation delay time 


see Note 4 

From trigger input 

1 

tis 

From reset input 

0.8 

Output rise time 

2 

R L = 3 kQ, C L = 10 pF 

QO thru Q7 

180 

ns 

Output fall time 

180 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*This is the time-base period error due only to the uA2240C and expressed as a percentage of nominal (1 .00 RC). 

NOTE 4: Propagation delay time is measured from the 50% point on the leading edge of an input pulse to the 50% point on the leading edge of the resulting 
change of state at QO. 


84 

Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


5-111 


Special Functions 
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TYPE UA2240C 

PROGRAMMABLE TIMER/COUNTER 


PARAMETER MEASUREMENT INFORMATION 

v cc 



FIGURE 1-GENERAL TEST CIRCUIT 



1 kfi I 
(DISABLES 5 
OSCILLATOR)] 


:inn_ 


3 V 

0 


INPUT SIGNAL FOR 
OPERATING CHARACTERISTICS 
TESTS ONLY 


V CC 


R/C MOD V cc 

TRIG 

REG 

RESET OUT 

TIME 

BASE QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 


(OPEN) 


EACH QO THRU Q7 OUTPUT LOAD = R L 
FIGURE 2-COUNTER TEST CIRCUIT 


a (OPEN) V+ = 4 V 



EACH QO THRU Q7 OUTPUT LOAD = 10 kft 

FIGURE 3-REDUCED-POWER TEST CIRCUIT 
(TIME BASE DISABLED) 

A These connections may be open or grounded for this test. 
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TYPE UA2240C 
PROGRAMMABLE TIMERfCOUNTER 


TYPICAL CHARACTERISTICS 

NORMALIZED TIME-BASE PERIOD 

VS 

MODULATION INPUT VOLTAGE 
2.5 | 1 1 1 1 



0 I I I I I I 

1 2 3 4 5 6 

Modulation Voltage— V 

FIGURE 4 


TYPICAL APPLICATION INFORMATION 


Figure 5 shows voltage waveforms for typical 
operation of the uA2240C. If both reset and trigger 
inputs are low during power-up, the time//counter will 
be in a reset state with all binary (Q) outputs high and 
the oscillator stopped. In this state, a high level on the 
trigger input starts the time-base oscillator. The initial 
negative-going pulse from the oscillator sets the Q 
outputs to low logic levels at the beginning of the first 
time-base period. The uA2240C will ignore any further 
signals at the trigger input until after a reset signal is 
applied to the reset input. With the trigger input low, 
a high level at the reset input will set Q outputs high 
and stop the time-base oscillator. If the reset signal 
occurs while the trigger input is high, the reset is 
ignored. If the reset input remains high when the 
trigger input goes low, the uA2240C will reset. 



FIGURE 5-TIMING DIAGRAM OF OUTPUT WAVEFORMS 
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Special Functions 



Special Functions 


TYPE UA2240C 

PROGRAMMABLE TIMER/COUNTER 


TYPICAL APPLICATION INFORMATION 

In monostable applications of the uA2240C one or more of the binary outputs will be connected to the reset terminal 
as shown in Figure 6. The binary outputs are open-collector stages that can be connected together to a common pull- 
up resistor to provide a "wired-OR" function. The combined output will be low as long as any one of the outputs 
is low. This type of arrangement can be used for time delays that are integer multiples of the time-base period. For 
example, if Q5 (2§ = 32) only is connected to the reset input, every trigger pulse will generate a 32-period active-low 
output. Similarly, if QO, Q4, and Q5 are connected to reset, each trigger pulse creates a 49-period delay. 

In astable operation, the uA2240C will free-run from the time it is triggered until it receives an external reset signal. 

The period of the time-base oscillator is equal to the RC time constant of an external resistor and capacitor connected 
as shown in Figure 6 when the modulation input is open (approximately 3.5 volts internal, see Figure 4). Under conditions 
of high supply voltage (Vqc > 7 V) and low value of timing capacitor (C < 0.1 /x F), the pulse duration of the time- 
base oscillator may be too short to properly trigger the counters. This situation can be corrected by adding a 
300-picofarad capacitor between the time-base output and ground. The time-base output (TBO) is an open-collector 
output that requires a 20-kfl pull-up resistor to Pin 1 5 for proper operation. The time-base pin may also be used as 
an input to the counters for an external time-base or as an active-low inhibit input to interrupt counting without resetting. 

The modulation input varie6 the ratio of the time-base period to the RC time constant as a function of the dc bias 
voltage (see Figure 4). It can also be used to synchronize the timer/counter to an external clock or sync signal. 

The regulator output is used internally to drive the binary counters and the control logic. This terminal can also be 
used to supply voltage to additional uA2240C devices to minimize power dissipation when several timer circuits are 
cascaded. For circuit operation with an external clock, the regulator output can be used as the Vcc input terminal 
to power down the internal time base and reduce power dissipation. When supply voltages less than 4.5 volts are 
used with the internal time base, Pin 15 should be shorted to Pin 16. 



V CC 



FIGURE 6— BASIC CONNECTIONS FOR TIMING APPLICATIONS 
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SELECTION GUIDE 


FIXED-OUTPUT VOLTAGE REGULATORS 


positive-voltage regulators 


DEVICE 

OUTPUT VOLTAGE 

MINIMUM DIFFERENTIAL 

OUTPUT CURRENT 

PACKAGES 

PAGE 

SERIES 

TOLERANCE 

VOLTAGE 

RATING 

LM2930-0 

±10% 

0.6 V 

150 mA 

KC 

6-45 

LM2931-0 

±10% 

0.6 V 

150 mA 

KC 

6-51 

LM330-0 

±4% 

0.6 V 

150 mA 

KC 

6-27 

LM340-00 

+ 4% 

2 V 

1.5 A 

KC 

6-33 

TL780-00C 

±1% 

2 V 

1.5 A 

KC 


UA7800C 

+ 4% 

2 V - 3 V 

1.5 A 

KC 

SKU^IilB 

UA78L00AC 

+ 5% 

2 V 

100 mA 

LP 

BHHEI 

UA78L00C 

±10% 

2 V - 2.5 V 

100 mA 

LP 

yarrgi 

UA78M00C 

±5% 

2 V - 3 V 

500 mA 

KC 

Hms 

UA78M00M 

±5% 

2 V - 3 V 

500 mA 

KC 



negative-voltage regulators 


DEVICE 

SERIES 

OUTPUT VOLTAGE 

TOLERANCE 

MINIMUM DIFFERENTIAL 

VOLTAGE 

OUTPUT CURRENT 

RATING 

PACKAGES 

PAGE 

LM320-00 

±4% 

2 V 

1.5 A 

KC 

6-21 

MC79L00AC 

±5% 

1.7 V 

100 mA 

LP 


MC79L00C 

±10% 

1.7 V 

100 mA 

LP 

g 

UA7900C 

±5% 

2 V - 3 V 

1.5 A 

KC 

W2BSM 

UA79M00C 

±5% 

2 V - 3 V 

1.5 A 

KC 

6-207 

UA79M00M 

±5% 

2 V - 3 V 

1.5 A 

KC 



available output voltage for above regulator series 


DEVICE 

VOLTAGE SELECTIONS 

SERIES 



d 


m 

■3a 

mm 

KOI 

BOB 

BH 

IBB 


Bfiiil 

BHKB 

LM2930-0 


X 




X 



IBB 

bbi 

bbi 

bb 

bb 

bb 

LM2931-0 


B 

BBI 

B 

IBB 

B 


B B 

bm 

^B 


BB 


bb 

LM320-00 



B 

B 

B 

bbi 


B 

B 

B 

X 



zn 



X 

BBI 

bbi 

BBI 

bb 

Bi 

MSB 

bb 


B 

B 

B 


jjBBI 


X 

■ 

B 

B 

Bi 


IBi 

bbi 

B 

X 




MC7900AC 


X 

■ 

B 

B 

B 

BBI 

B 


X 

X 






X 


bb 

B 

B 

B 


bb 

an 

X 



IBI 

TL780-00C 


X 


B 


B 

B 

B 

bb 

X 

X 



B 

UA7800C 


X 


X 


X 

X 


X 

X 

X 

X 


X 

UA78L00AC 

X 

X 



X 

X 


X 

X 

X 

X 




UA78L00C 

X 

X 



X 

X 


X 

X 

X 

X 




UA78M00C 


X 


X 


X 



X 

X 

X 


X 

X 

UA78M00M 


X 


X 


X 



X 

X 

X 




UA7900C 


X 

X 

X 


X 




X 

X 

X 


X 

UA7900M 


X 

X 

X 


X 




X 

X 

X 


X 

UA79M00C 


X 


X 


X 




X 

X 


X 

X 

UA79M00M 


X 


X 


X 




X 

X 
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Voltage Regulators 


SELECTION GUIDE 


VARIABLE-OUTPUT VOLTAGE REGULTORS 


positive-voltage series regulators 


DEVICE 

NUMBER 

OUTPUT VOLTAGE 

MAXIMUM DIFFERENTIAL 

VOLTAGE 

OUTPUT CURRENT 

RATING 

PACKAGES 

PAGE 

MIN 

MAX 

LM217 

1.2 V 

37 V 

V| - 1 .2 V 

1.5 A 

KC 

6-11 

LM317 

1.2 V 

37 V 

V| - 1 .2 V 

1.5 A 

KC 

6-11 

LM350 

1.2 V 

33 V 

V| — 1 .2 V 

3 A 

KC 

6-41 


1.2 V 

32 V 

V| - 1 .2 V 

100 mA 

LP 

6-91 

TL317M 


32 V 

V| - 1 .2 V 

100 mA 

LP 

6-91 

TL783AC 


200 V 

200 V 

700 mA 

KC 

6-141 

TL783C 

10 V 

125 V 

37 V 

700 mA 

KC 

6-141 

uA723C 

3 V 

38 V 

37 V 

25 mA 

J, N 

6-169 

uA723M 

3 V 

38 V 

37 V 

25 mA 

J, N 

6-169 


negative-voltage series regulators 


DEVICE 

NUMBER 


MAXIMUM DIFFERENTIAL 

VOLTAGE 

OUTPUT CURRENT 

RATING 

PACKAGES 

PAGE 



LM237 

1.2 V 

37 V 

V| — 1.2 V 

1.5 A 

KC 

6-17 

LM337 

1.2 V 

37 V 

V| - 1 .2 V 

1.5 A 

KC 

6-17 


positive-shunt regulators 



SHUNT VOLTAGE 

SHUNT CURRENT 

TEMP COEFFICIENT 

RATING 

PACKAGES 

PAGE 


MAX 

MIN 

MAX 

TL430C 

3 V 

30 V 

2 mA 

100 mA 

200 ppm/°C 

LP 

■ns 

TL430I 

3 V 

30 V 

2 mA 

100 mA 

200 ppm/°C 

LP, P 

NOUS 

TL431C 

3 V 

30 V 

0.5 mA 

100 mA 

100 ppm/°C 

LP, P 

6-99 

TL431I 

2.55 V 

36 V 

1 mA 

100 mA 

100 ppm/°C 

LP 

6-99 

TL431M 

2.55 V 

36 V 

1 mA 

100 mA 

100 ppn/°C 

JG 

6-99 


PROTECTION CIRCUITS 


undervoltage protection circuits 


DEVICE 

NUMBER 

FEATURES 

TEMP RANGE 

PACKAGES 

PAGE 

TL7700C 

Power-up and voltage reset generator specifically for 
microcomputer control supervision. These devices 
operate over a wide supply voltage range (3 V to 18 V) 
and have externally adjustable pulse duration to ensure 

system reset. 

0°C to 70°C 

D, P 

6-163 

TL7700I 

-25°C to 85°C 

D, P 

TL7702 

TL7705 

TL7709 

TL7712 

TL7715 

Power-up and voltage reset generator specifically for 
microcomputer control supervision. These devices 
operate over a wide supply voltage range (3 V to 18 V) 
and have externally adjustable pulse duration to ensure 

system reset. 

0°C to 70 °C 

D, P 

6-165 
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SELECTION GUIDE 


overvoltage protection circuit 


DEVICE 

NUMBER 

FEATURES 

TEMP RANGE 

PACKAGES 

PAGE 

MC3423 

Separate outputs for "crowbar” and logic circuitry, 
progrmmable time delay, TTL-level activation 
isolated from voltage-sensing inputs 

0°C to 70 °C 

JG, P 

6-55 


SWITCHING VOLTAGE REGULATOR/CONTROLLERS 


general-purpose switching regulators/controllers 



BASE DEVICE NUMBERS ] 


MC35060 

MC34060 

SG3524 

SG3525A 

SG3527A 

TL3525A 

TL3527A 



SG2524 

SG2525A 

SG2527A 

TL2525A 

TL2537A 

TL497A 


SGI 524 

SG1525A 

SG1527A 

TL1 525A 

TL1527A 


PAGES 

6-61 

6-69 

6-81 

6-81 

6-153 

6-153 

6-119 

FEATURES 








General Features 








Fixed On Time 

- 

- 

- 

- 

- 

- 

X 

Fixed Frequency PWM 

X 

X 

X 

X 

X 

X 

X 

Expandable 

X 

X 

X 

X 

X 

X 

- 

Control Features 








On Chip Reference 

X 

X 

X 

X 

X 

X 

X 

Precision On Chip Reference 

- 

- 

X 

X 

X 

X 

- 

Dead Time Adjust 

X 

- 

X 

X 

X 

X 

- 

Current Sense Amplifier 

- 

- 

- 

- 

- 

- 

X 

Error Amplifier 

2 

2 

1 

1 

1 

1 

1 

Operates to 40 V 

X 

35 V 

35 V 

35 V 

35 V 

35 V 

- 

Operates above 40 V 

- 

- 

- 

- 

- 

- 

- 

Protection Features 








On Chip Regulator 

X 

- 

- 

- 

- 

- 

- 

Internal Soft Start 

- 

X 

X 

X 

X 

X 

- 

Under Voltage Lockout 

- 

X 

X 

X 

X 

X 

- 

Inhibit Control 

- 

X 

X 

X 

X 

X 

X 

Double Pulse Protection 

- 

X 

X 

X 

X 

X 

- 

Output Features 








Single-ended Output 

X 

- 

- 

- 

- 

- 

- 

Double-ended Outputs 

- 

X 

X 

X 

X 

X 

- 

Totem-Pole Outputs 

- 

- 

X 

X 

X 

X 

- 

Parallelable Outputs 

- 

- 

- 

- 

- 

- 

- 

External Output Trigger 

- 

- 

- 

- 

- 

- 

- 

AVAILABILITY 








Commercial Temp Range 








Plastic (N Package) 

X 

X 

X 

X 

X 

X 

X 

Ceramic (J Package) 

Industrial Temp Range 

X 

X 

X 

X 

X 

X 

X 

Plastic (N Package) 

- 

X 

X 

X 

X 

X 

X 

Ceramic (J Package) 

Military Temp Range 

- 

X 

X 

X 

X 

X 

X 

Ceramic (J Package) 

X 

X 

X 

X 

X 

X 

X 
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Voltage Regulators 


SELECTION GUIDE 


SWITCHING VOLTAGE REGULATOR/CONTROLLERS 


general-purpose switching regulators/controllers 



BASE DEVICE NUMBERS | 


TL493 

TL494 

TL495 

TL593 

TL594 

TL595 

TL1451 

PAGES 

6-107 

6-107 

6-107 

6-127 

6-127 

6-127 

6-151 

FEATURES 








General Features 








Fixed On time 

- 

- 

- 

- 

- 

- 

- 

Fixed Frequency PWM 

X 

X 

X 

X 

X 

X 

X 

Low Bias Current Requirements 

- 

- 

- 

- 

- 

- 

- 

Expandable 

X 

X 

X 

X 

X 

X 

X 

Control Features 








On Chip Reference 

X 

X 

X 

X 

X 

X 

X 

Precision On Chip Reference 

- 

- 

- 

X 

X 

X 

- 

Dead Time Adjust 

X 

X 

X 

X 

X 

X 

X 

Current Sense Amplifier 

1 

- 

- 

1 

- 

- ■ 

- 

Error Amplifier 

1 

2 

2 

1 

2 

2 

2 

Operates to 40 V 

X 

X 

X 

X 

X 

X 

X 

Operates above 40 V 

- 


X 

- 

- 

X 

- 

Protection Features 








On Chip Regulator 

- 

- 

X 

- 

- 

X 

- 

Internal Soft Start 

- 

- 

- 

- 

- 

- 

- 

Under Voltage Lockout 

- 

- 

- 

X 

X 

X 

- 

Inhibit Control 

X 

X 

X 

X 

X 

X 

- 

Double Pulse Protection 

X 

X 

X 

X 

X 

X 

- 

Output Features 








Single-ended Output 

- 

- 


- 

- 

- 

2 

Double-ended Outputs 

X 

X 

X 

X 

X 

X 

- 

Totem-pole Outputs 

- 

- 

- 

- 

- 

- 

- 

Parallelable Outputs 

X 

X 

X 

X 

X 

X 

- 

External Output Trigger 

- 

_ 

X 

- 

- 

X 

- 

AVAILABILITY 








Commercial Temp Range 








Plastic (N Package) 

X 

X 

X 

X 

X 

X 

X 

Ceramic (J Package) 

- 

X 

- 

- 

- 

- 

X 

Industrial Temp Range 








Plastic (N Package) 

- 

X 

- 

- 

X 

- 

- 

Ceramic (J Package) 

- 

X 

- 

_ 

X 


- 

Military Temp Range 








Ceramic (J Package) 

- 

X 

- 

X 

X 

- 

- 
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special-purpose regulators and controllers 


DEVICE 

NUMBER 

FUNCTION 

FEATURES 

PAGE 

TL580C 

Micropower Dual Switching Regulator 

High-efficiency, low bias current, two control channels. 

6-125 

RM4193 

RC4193 

Micropower Switching Regulator 

High-efficiency, low bias current adjustable output 
voltage, good for battery-backup circuit. 

6-67 

UC3846 

UC3847 

Curent-mode PWM Controller 

Pulse-by-pulse programmable current limiting, 
self start, under-voltage lockout, and shutdown. 

6-217 

TL499 

Wide-Range Power Supply Controller 

Adjustable regulator that switches over to 
battery-backup when line voltage is low. 

6-124 

TL496 

9-Volt Power Supply Controller 

Operates from a variety of sources including 1- and 

2-cell batteries and step-down ac line voltage. 

6-115 
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Voltage Regulators 


GLOSSARY 


SERIES REGULATORS 


Input Regulation 

The change in output voltage, often expressed as a percentage of output voltage, for a change in input voltage from 
one level to another level. 

NOTE: Sometimes this characteristic is normalized with respect to the input voltage change. 

Ripple Rejection 

The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 

NOTE: This is the reciprocal of ripple sensitivity. 

Ripple Sensitivity 

The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, to the 
peak-to-peak input ripple voltage. 

NOTE: This is the reciprocal of ripple rejection. 

Output Regulation 

The change in output voltage, often expressed as a percentage of output voltage, for a change in load current from 
one level to another level. 


Output Resistance 

The output resistance under small-signal conditions. 


Temperature Coefficient of Output Voltage («V0) 

The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the change in 
temperature. This is the average value for the total temperature change. 


Vo at T2 -Vq at T i 


100% 

Vq at 25 °C 


_ T 2 -T 1 _ 



Output Voltage Change with Temperature 

The percentage change in the output voltage. for a change in temperature. This is the net change over the total 
temperature range. 

Output Voltage Long-Term Drift 

The change in output voltage over a long period of time. 


Output Noise Voltage 

The rms value of the ac component of the output voltage, sometimes expressed as a percentage of the dc output 
voltage, with constant load and no input ripple. 


Current-Limit Sense Voltage 

The current-sense voltage at which current limiting occurs. 
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GLOSSARY 


Current-Sense Voltage 

The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry. 

Dropout Voltage 

The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input 
voltage. 

Feedback Sense Voltage 

The voltage that is a function of the output voltage and is used for feedback control of the regulator. 

Reference Voltage 

The voltage that is compared with the feedback sense voltage to control the regulator. 


Bias Current 

The difference between input and output currents. 

NOTE: This is sometimes referred to as quiescent current. 

Standby Current 

The input current drawn by the regulator with no output load and no reference voltage load. 

Short-Circuit Output Current 

The output current of the regulator with the output shorted to ground. 

Peak Output Current 

The maximum output current that can be obtained from the regulator due to limiting circuitry within the regulator. 

Overvoltage Shutdown Voltage 

The input voltage applied to a regulator having overvoltage shutdown protection that will cause the output voltage 
to go nearly to zero. 


Junction Temperature, Virtual Junction Temperature 


A temperature representing the temperature of the junction(s), field-effect transistor channel(s), or other internal point(s) 
of heat generation calculated on the basis of a simplified model of the thermal and electrical behavior of the 
semiconductor device. 



SHUNT REGULATORS 


NOTE: These terms and symbols are based on JEDEC and IEC standards for voltage regulator diodes. 


Shunt Regulator 

A device having a voltage-current characteristic similar to that of a voltage-regulator diode; normally biased to operate 
in a region of low differential resistance (corresponding to the breakdown region of a regulator diode) to develop across 
its terminals an essentially constant voltage throughout a specified current range. 
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Voltage Regulators 


GLOSSARY 


Anode 

The electrode to which the regulator current flows within the regulator when it is biased for regulation. 

Cathode 

The electrode from which the regulator current flows within the regulator when it is biased for regulation. 

Reference Input Voltage (V re f) (of an adjustable shunt regulator) 

The voltage at the reference input terminal with respect to the anode terminal. 


Temperature Coefficient of Reference Voltge (a\/ref) 

The ratio of the change in reference voltage to the change in temperature. This is the average value for the total 
temperature change. 

To obtain a value in ppm/°C: 


«Vref 


V re f at T2~V re f at Tf 

r 106 1 

V ref at 25 °C 

i — 
H 
ro 
l 

H 

i 


Regulator Voltage (Vz) 

The dc voltage across the regulator when it is biased for regulation. 


Regulator Current Oz) 

The dc current through the regulator when it is biased for regulation. 

Regulator Current near Lower Knee of Regulation Range Uzk) 

The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the breakdown 
knee of a regulator diode. 


Regulator Current at Maximum Limit of Regulation Range Ozm) 

The regulator current above which the differential resistance of the regulator significantly increases. 


Differential Regulator Resistance (r z ) 



The quotient of a change in voltage across the regulator and the corresponding change in current through the regulator 
when it is biased for regulation. 

Noise Voltage (V nz ) 


The rms value of the ac component of the voltage across the regulator with the regulator biased for regulation and 
with no input ripple. 
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' LINEAR 


TYPES LM217, LM317 

INTEGRATED 


3 TERMINAL ADJUSTABLE REGULATORS 

CIRCUITS 


D2212, SEPTEMBER 1977 - REVISED DECEMBER 1982 

• Output Voltage Range Adjustable 

• 

Peak Output Current Constant Over 

from 1.2 V to 37 V 


Temperature Range of Regulator 

• Guaranteed Output Current 

• 

Popular 3-Lead TO-220AB Package 

Capability of 1 .5 A 

• 

Ripple Rejection Typically 80 dB 

• Input Regulation Typically 0.01% 

Per Input-Volt Change 

• 

Direct Replacement for National 

LM217 and LM317 

• Output Regulation Typically 0.1% 




terminal assignments 


KC PACKAGE 


(TOP VIEW) 

• INPUT 
> OUTPUT 
’ ADJUSTMENT 

THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 



description 


The LM217, and LM317 are adjustable 3-terminal positive-voltage regulators capable of supplying 1 .5 amperes over 
a differential voltage range of 3 volts to 40 volts. They are exceptionally easy to use and require only two external 
resistors to set the output voltage. Both input and output regulation are better than standard fixed regulators. The 
devices are packaged in a standard transistor package that is easily mounted and handled. 


In addition to higher performance than fixed regulators, these regulators offer full overload protection available only 
in integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. 
All overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, 
no capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass 
is needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can 
be bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. The primary 
applications of each of these regulators is that of a programmable output regulator, but by connecting a fixed resistor 
between the adjustment terminal and the output terminal, each device can be used as a precision current regulator. 
Even though the regulator is floating and sees only the input-to-output differential voltage, use of these devices to 
regulate output voltages that would cause the maximum-rated differential voltage to be exceeded if the output became 
shorted to ground is not recommended. The TL783 or TL783A is recommended for output voltages exceeding 37 
volts. Supplies with electronic shutdown can be achieved by clamping the adjustment terminal to ground, which 
programs the output to 1.2 volts where most loads draw little current. 



The LM21 7 and LM31 7 are characterized for operation from -25°C to 1 50 °C and from 0°C to 1 25 °C, respectively. 


Copyright © 1982 by Texas Instruments Incorporated 
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Voltage Regulators 


TYPES LM2I7, LM317 

3-TERMINAL ADJUSTABLE REGULATORS 


schematic 



absolute maximum ratings over operation temperature range (unless otherwise noted) 



LM217 

LM317 

UNIT 

lnput-to-output differential voltage, V| - Vo 

40 

40 

V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) 

2000 

2000 

mW 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 

20 

20 

W 

Operating free-air, case, or virtual junction temperature range 

-25 to 150 

0 to 125 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 

°C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 5 and 16. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 



LM217 

LM317 

UNIT 


MIN 

MAX 

MIN 

MAX 

Output current, lo 

5 

1500 

10 

1500 

mA 

Operating virtual junction temperature, Tj 

-25 

150 

0 

125 

°C 
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TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

LM217 

LM317 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input regulation 
(See Note 2) 

V| - V 0 = 3 V to 40 V, 
See Note 3 

Tj = 25 °C 

0.01 0.02 

0.01 0.04 

%/V 

Iq = 10 mA to 1 .5 A 

0.02 0.05 

0.02 0.07 

Ripple rejection 

V 0 = 10 V, f = 120 Hz 

65 

65 

dB 

V 0 = 10 V, f = 120 Hz 

10-/*F capacitor between ADJ and ground 

66 80 

66 80 

Output regulation 

Iq = 10 mA to 1.5 A, 

Tj = 25 °C, See Note 3 

Vq < 5 V 

5 15 

5 25 

mV 

Vq > 5 V 

0.1 0.3 

0.1 0.5 

% 

lO = 10 mA to 1.5 A, 

See Note 3 

Vq < 5 V 

20 50 

20 70 

mV 

Vq > 5 V 

0.3 1 

0.3 1.5 

% 

Output voltage change 
with temperature 

Tj = MIN to MAX 

1 

1 

% 

Output voltage 
long-term drift 
(see Note 4) 

After 1 000 h at Tj = MAX 
and V| - Vq = 40 V 

0.3 1 

0.3 1 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, Tj = 25°C 

0.003 

0.003 

% 

Minimum output current 
to maintain regulation 

V| - Vq = 40 V 

3.5 5 

3.5 10 

mA 

Peak output current 

V| - Vq < 1 5 V 

1.5 2.2 

1.5 2.2 

A 

V| - Vq < 40 V 

0.4 

0.4 

Adjustment-terminal 

current 


50 100 

50 100 

m a 

Change in adjustment- 

terminal current 

V| - Vq = 2.5 V to 40 V, 

Iq = 10 mA to 1 .5 A 

0.2 5 

0.2 5 

/*A 

Reference voltage 
(output to ADJ) 

V| - Vq = 3 V to 40 V, 

Iq = 10 mA to 1.5 A, P < 20 W 

1.2 1.25 1.3 

1.2 1.25 1.3 

V 


* Unless otherwise noted, these specifications apply for the following test conditions; V| - Vq = 5 V and Iq = 0.5 A. For conditions shown as MIN 
or MAX, use the appropriate value specified under recommended operating conditions. 

NOTES: 2. Input regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 

3. Input regulation and output regulation are measured using pulse techniques (t w < 10 fis, duty cycle s 5%) to limit changes in average internal 
dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 

4. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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Voltage Regulators 


TYPES LM217, LM317 

3-TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATION DATA 



if output is shorted to ground. 

FIGURE 1— ADJUSTABLE FIGURE 2-0-V to 30-V REGULATOR FIGURE 3— ADJUSTABLE REGULATOR 

VOLTAGE REGULATOR CIRCUIT CIRCUIT WITH IMPROVED 

RIPPLE REJECTION 




FIGURE 4-PRECISION CURRENT 
LIMITER CIRCUIT 


FIGURE 5-TRACKING PREREGULATOR FIGURE 6-1 .2 to 20-V REGULATOR 
CIRCUIT CIRCUIT WITH MINIMUM 

PROGRAM CURRENT 



REG REG REG 



FIGURE 7-ADJUSTING MULTIPLE ON-CARD R EGULATORS WITH A SINGLE CONTROL 


NOTES: 


A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors. 

B. Use of an output capacitor improves transient response but is optional. 

C. Output voltage is calculated from the equation: Vq= V 
V ^ equals the difference between the output and adjustment terminal voltages. 
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TYPES LM217, LM317 
3 TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATIONS 



The use of Rg allows low charging rates with a fully- 
charged battery. 

FIGURE 8-BATTERY CHARGER CIRCUIT FIGURE 9-50-mA CONSTANT-CURRENT 

BATTERY CHARGER CIRCUIT 


REG REG REG 



FIGURE 10— SLOW-TURN-ON 15-V FIGURE 11-A-C VOLTAGE REGULATOR FIGURE 12-CURRENT -LIMITED 

REGULATOR CIRCUIT CIRCUIT 6-V CHARGER 


REG 



FIGURE 13— ADJUSTABLE 4-A REGULATOR FIGURE 14-HIGH-CURRENT ADJUSTABLE REGULATOR 
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Voltage Regulators 


TYPES LM217, LM317 

3-TERMINAL ADJUSTABLE REGULATORS 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 



25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


150 


CASE TEMPERATURE 



25 50 75 100 125 150 

Tq— C ase Temperature— °C 


FIGURE 15 


FIGURE 16 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 

D2640, NOVEMBER 1981 


I • Output Voltage Range Adjustable LM237, LM337 . . . kc package 

I from -1.2 V to -37 V 

I • Guaranteed lo Capability of 1.5 A 

I • Input Regulation Typically 0.01% per 
' Input-Volt Change 

• Output Regulation Typically 0.3% 

• Peak Output Current Constant Over 
Temperature Range of Regulator 

• Ripple Rejection Typically 77 dB 

• Direct Replacement for National 
Semiconductor LM237, LM337 

description 

The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess of —1.5 A 
over an output voltage range of —1.2 V to —37 V. They are exceptionally easy to use, requiring only two external 
resistors to set the output voltage and one output capacitor for frequency compensation. The current design has been 
optimized for excellent regulation and low thermal transients. In addition the LM237 and LM337 feature internal 
current limiting, thermal shutdown, and safe-area compensation, making them virtually immune to blowout by 
overloads. 

The LM237 and LM337 serve a wide variety of applications including local on-card regulation, programmable output 
voltage regulation, or precision current regulation. They are ideal complements to the LM217 and LM317 adjustable 
positive-voltage regulators. 
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Voltage Regulators 


TYPES LM237, LM337 

3-TERMINAL ADJUSTABLE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage, V| — Vo —40 V 

Continuous total dissipation at 25°C free-air temperature (see Note 1) 2 W 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 20 W 

Operating free-air, case, or virtual junction temperature range: LM237 — 25° C to 150°C 

LM337 0°C to 125°C 

Storage temperature range — 65° C to 150°C 

Lead temperature 1/16 inch from case for 10 seconds 260°C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 



FREE-AIR TEMPERATURE 



0 I I I I I M 

25 50 75 100 125 150 


TA-Free-Air Temperature— °C 

FIGURE 1 


CASE TEMPERATURE 



25 50 75 100 125 150 

Tq— C ase Temperature— °C 

FIGURE 2 
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TYPES LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 


recommended operating conditions 




LM237 

LM337 




MIN 

MAX 

MIN 

MAX 

UNIT 

Output current, Iq 

IV, - VqI < 40 V, 

P < 15 W 

10 

1 500 

10 

1500 

mA 

IV, - Vq| < 10 V, 

P < 15 W 

6 

1500 

6 

1500 

Operating virtual junction temperature, Tj | 

-25 

150 

0 

125 

°C 


electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS'*’ 

LM237 

LM337 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input regulationt 

V, - Vq = -3 V to -40 V, 

See Note 2 

Tj = 25° C 

0.01 0.02 

0.01 0.04 

%/V 

Tj = MIN to MAX 

0.02 0.05 

0.02 0.07 

Ripple rejection 

V o = -10V, f = 120 Hz 

60 

60 

dB 

Vq = -10V, f = 120 Hz 

C ADJ = 10 MF 

66 77 

66 77 

Output regulation 

Iq = 10 mA to 1 .5 A, 

Tj = 25° C, See Note 2 

|Vq|<5V 

25 

50 

mV 

|Vq|>5V 

0.5 

1 

% 

Iq = 10 mA to 1.5 A, 

See Note 2 

|Vq| < 5 V 

50 

70 

mV 

|Vq| > 5 V 

1 

1.5 

% 

Output voltage 

change with temperature 

Tj = MIN to MAX 

0.6 

0.6 

% 

Output voltage 

long-term drift 

(see Note 3) 

After 1000 h at Tj = MAX and V, - Vq = -40 V 

0.3 1 

0.3 1 

% 

Output noise voltage 

f= 10 Hz to 10 kHz, Tj = 25° C 

0.003 

0.003 

% 

Minimum output 

current to maintain 

regulation 

|V| -Vq| <40 V 

2.5 5 

2.5 10 

mA 

|V| -V 0 | < 10 V 

1.2 3 

1.5 6 

Peak output current 

IV | -Vq| < 15 V 

1.5 2.2 

1.5 2.2 

A 

IV, -V 0 |< 40 V, Tj = 25° C 

0.24 0.4 

0.15 0.4 

Adjustment- 

terminal current 


65 100 

65 100 

ma 

Change in adjustment 

terminal current 

V, - V 0 = -2.5 Vto -40 V, 

l 0 = 10 mA to MAX, Tj = 25° C 

2 5 

2 5 

mA 

Reference voltage 

(output to ADJ) 

V | - Vq = -3 to -40 V, 

Iq = 10 mA to 1.5 A, 

P < rated dissipation 

Tj = 25° C 

-1.225 -1.250 -1.275 

-1.213 -1.25 -1.287 

V 

Tj = MIN to MAX 

-1.2 -1.25 -1.3 

-1.2 -1.25 -1.3 

Thermal regulation 

Initial Tj = 25°C, 10-ms pulse 

0.002 0.02 

0.003 0.04 

%/W 


f Unless otherwise noted, these specifications apply for the following test conditions IV| — VqI = 5 V and )q = 0.5 A. For conditions shown as 
MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t Input regulation is expressed here as the percentage change in output voltage per 1 volt change at the input. 

NOTES: 2. Input regulation and output regulation are measured using pulse techniques (t w <10 Ms, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

3. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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Voltage Regulators 


TYPES LM237, LM337 

3-TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATION DATA 


LM237 

OR 

LM337 



R1 


R1 is typically 120 S2. 



where Vq is the output in volts. 


Cl is a 1 -juF solid tantalum required only if the regulator is more than 1 0 cm (4 in.) from the 
power supply filter capacitor. 

C2 is a 1-juF solid tantalum or 10-juF aluminum electrolytic required for stability. 


FIGURE 3 - ADJUSTABLE NEGATIVE-VOLTAGE REGULATOR 


LM237 

OR 

LM337 



1.25 V 

R S = 

•limit 


FIGURE 4-CURRENT-LIMITING CIRCUIT 
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LINEAR 

INTEGRATED CIRCUITS 


• 3-Terminal Regulators 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Easily Adjustable to Higher Output Voltage 

• Interchangeable with National 
Semiconductor LM320 Series 


NOMINAL 

MAXIMUM 


OUTPUT 

OUTPUT 

REGULATOR 

VOLTAGE 

CURRENT 


-5 V 

1.5 A 

LM320-5 

-12 V 

1 A 

LM320-12 

-15 V 

1 A 

LM320-1 5 


TYPE SERIES LM320 
3 TERMINAL NEGATIVE-VOLTAGE REGULATORS 

D2334, APRIL 1983 


KC PACKAGE 


(TOP VIEW) 


THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 



description 

The LM320 series of three-terminal, fixed-negative-voltage monolithic integrated circuit voltage regulators are designed 
to provide a fixed output voltage of - 5 volts, - 1 2 volts, and - 1 5 volts with up to 1.5 amperes of output current. 
Each is designed for a wide range of applications which includes on-card regulation for elimination of noise and distribution 
problems associated with single-point regulation. 

The internal current limiting and thermal shutdown features of these regulators make them essentially immune to 
overload. The LM320, when used as a fixed-voltage regulator, needs only one external component: a compensation 
capacitor at the output terminal. In addition, these devices can be used with external components to obtain adjustable 
output voltages and currents or as the power-pass element in precision regulators. 


schematic diagram 


LM320-5 


LM320-12 

LM320-15 




For LM320-5, R* = 50 0. For LM320-12 and LM320-15, R* = 150 fi 
All component values are nominal. 
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Voltage Regulators 


TYPE SERIES LM320 

3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input voltage: LM320-5 -25 V 

LM320-1 2 -35 V 

LM320-1 5 -35 V 

Input-output voltage differential 25V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) 2 W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 15 W 

Operating free-air, case, or virtual junction temperature range -55°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 



25 50 75 100 125 150 

Ta~ Free-Air Temperature-°C 


CASE TEMPERATURE 



25 50 75 100 125 150 


Tq— C ase Temperature— °C 


FIGURE 1 FIGURE 2 
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recommended operating conditions 



MIN 

MAX 

UNIT 


LM320-5 

-7.5 

-25 


Input voltage,V| 

LM320-1 2 

-14.5 

-32 

V 


LM320-1 5 

-17.5 

-35 



LM320-5 

1.5 


Output current, Iq 

LM320-1 2 

1 

A 


LM320-1 5 

1 


Operating virtual junction temperature, Tj 

0 

125 

°C 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


LM320-5 electrical characteristics at specified virtual junction temperature, lo = 5 mA, V| = -10 V, 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

MIN TYP MAX 

UNIT 

Output voltage 

Tj = 25 °C 

-4.8 -5.2 

V 

V| = -7.5 V to -25 V, Iq = 5 mA to 1.5 A, 

P < 15 W, Tj = 0°C to 125°C 

-4.75 -5.25 

Input regulation 

V| = -7.5 V to -25 V, Tj = 25°C 

10 40 

mV 

Ripple rejection 

f = 120 Hz, Tj = 0°C to 125°C 

54 64 

dB 

Output regulation 

l 0 = 5 mA to 1.5 A, Tj = 25 °C 

50 100 

mV 

Output noise voltage 

C L = 1 nF, f = 10 Hz to 100 kHz, Tj = 25°C 

150 

A*V 

Output voltage long-term 
drift (see Note 2) 

After 1000 h at Tj = 125°, Tj = 25°C 

10 

mV 

Bias current 

V| = -7.5 V to -25 V, Tj = 0°C to 125°C 

1 2 

mA 

Bias current change 

V| = -7.5 V to -25 V 

Tj = 25 °C 

0.1 0.4 

mA 

Iq = 5 mA to 1 .5 A 

0.1 0.4 


LM320-12 electrical characteristics at specified virtual junction temperature, lo = 5 mA, V| = -17 V, 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

MIN 

TYP 

MAX 

UNIT 


Tj = 25 °C 

-11.6 

-12 

-12.4 


Output voltage 

V| = -14.5 V to -32 V, 

P < 1 5 W, 

1(3 — 5 mA to 1 A, 

Tj = 0°C to 1 25 °C 

-11.4 


-12.6 

V 

Input regulation 

V| = -14.5 V to -32 V, 

Tj = 25 °C 


4 

20 

mV 

Ripple rejection 

f = 120 Hz, 

Tj = 0°C to 1 25 °C 

56 

80 


dB 

Output regulation 

Iq = 5 mA to 1 A, 

Tj = 25 °C 


30 

80 

mV 

Output noise voltage 

C L = 1 pF, f = 10 Hz to 100 kHz, 

Tj = 25 °C 

400 

nV 

Output voltage long-term 
drift (see Note 2) 

After 1000 h at T j = 125°C, 

Tj = 25 °C 

24 

mV 

Bias current 

V| = -14.5 V to -32 V, 

Tj = 0°C to 1 25 °C 


2 

4 

mA 

Bias current change 

V| = -14.5 V to -32 V 

Tj = 25 °C 


0.1 

0.4 

mA 

Iq = 5 mA to 1 A 


0.1 

0.4 


LM320-15 electrical characteristics at specified virtual junction temperature, lo = 5 mA, V| = -20 V, 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

MIN 

TYP 

MAX 

UNIT 


Tj = 25 °C | 

-14.5 

-15 

-15.5 


Output voltage 

V| = -17.5 V to -35 V, 

P < 1 5 W, 

Iq = 5 mA to 1 A, 

Tj = 0°C to 1 25 °C 

-14.3 


-15.7 

V 

Input regulation 

V| = -17.5 V to -35 V, 

Tj = 25 °C 


5 

20 

mV 

Ripple rejection 

f = 120 Hz, 

Tj = 0°C to 1 25°C 

56 

80 


dB 

Output regulation 

lO = 5 mA to 1 A 

Tj= 25 °C 


30 

80 

mV 

Output noise voltage 

C(_ = 1 #tF, f = 10 Hz to 100 kHz, 

Tj = 25 °C 

400 

mV 

Output voltage long-term 
drift (see Note 2) 

After 1000 h at Tj = 125°C, 

Tj = 25 °C 

30 

mV 

Bias current 

V| = -17.5 V to -35 V, 

Tj = 0°C to 1 25°C 


2 

4 

mA 

Bias current change 

V| = -17.5 V to -35 V, 

Tj = 25 °C 


0.1 

0.4 

mA 

Iq = 5 mA to 1 A 


0.1 

0.4 


t All characteristics are measured with a 1 -/iF capacitor across the input and a 2-fiF solid-tantalum capacitor across the output. All characteristics except ripple 
rejection and output noise voltage are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

NOTE 2: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE SERIES LM320 

3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 


NORMALIZED OUTPUT VOLTAGE 

VS 

VIRTUAL JUNCTION TEMPERATURE 




— 




— 

L 

1 l l I 

M320-12 AND LM320-15 









































LM320-5^ 

. — 

— ' 

















-50 -25 0 25 50 75 100 125 150 

Tj— Virtual Junction Temperature— °C 


RIPPLE REJECTION 
vs 

FREQUENCY 


r 


1 

i 1 1 mm 

LM320-12, 



| 






1 1 



I 










20 ~ V| — Vo = 5 V 

Cl = 1 MF SOLID TANTALUM 
Tj - 25° C 

0 1 i i - i m in i i 1 1 .mu - i,..j mm 

10 100 1 k 10 

f— Frequency— Hz 
FIGURE 4 


BIAS CURRENT 
vs 

INPUT VOLTAGE 











_Tj = 

— 55°C 



7 











Tj = 25°C 


. 



















i i 

Tj - 150°C 











0 -5 -10 -15 -20 -25 -30 -35 -40 

V|-lnput Voltage-V 
FIGURE 5 


BIAS CURRENT 
vs 

OUTPUT CURRENT 



T i = 25 C 



0.25 0.5 0.75 1 

lO— Output Current— A 
FIGURE 6 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 


SHORT-CIRCUIT OUTPUT CURRENT 

VS 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL 



13 6 9 12 15 18 21 24 

Input-Output Voltage Differential— V 
FIGURE 7 


DROPOUT VOLTAGE 
vs 

OUTPUT CURRENT 



' 











-Tj = 

-55°C_ 



_Tj = 

150° C_ 





/ 




/ 




/ 



/ 




/ 



/ 

/ y 

'/ 

... 


A 

— Tj 

= 25°C 

^ 7 * 













0.25 0.5 0.75 1.0 1.25 

lO— Output Current-A 
FIGURE 8 


OUTPUT IMPEDANCE 
vs 

FREQUENCY 


: V| - Vo = 5 V = 

: io = ioo mA : 

;tj = 25°c : 


C L =1mF 


SOLID TANTALUM 


Cl = 25mF 
ALUMINUM 



Ik 10 k 100 k 1 M 10 M 
f— Frequency— Hz 
FIGURE 9 


Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 









Voltage Regulators 


TYPE SERIES LM320 

3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


TYPICAL APPLICATION INFORMATION 





LM320-5 


5 V 

,L = 1mA+ ir 

R1 

LM320-12KC 

Rl 

12 V 

l L = 2mA + ^ 

LM320-15KC 


15 V 

l L = 2mA+ — 


FIGURE 1 1 - CURRENT SOURCE REGULATOR 



V 0 R1 + R2 

V 0 = VR2 — — 


FIGURE 12 - ADJUSTABLE OUTPUT REGULATOR 



FIGURE 13 - HIGH-STABILITY REGULATOR 


NOTES: A. 

B. 

C. 

D. 


Capacitor Cl is required if the regulator is not located within 75 mm (3 inches) of the power supply filter. 

Capacitor C2 is required for stability. For the value given, the capacitor must be solid tantalum but a 25-/xF aluminum electrolytic may be substituted. 
Values given may be increased without limit. 

In Figure 13 capacitor Cl is solid tantalum. 

This resistor determines zener current. Adjust to minimize thermal drift. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 

D2700, APRIL 1983 


• Input-Output Differential Less than 0.6 V 

• Output Current of 1 50 mA 

• Reverse Polarity Protection 

• Line Transient Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Direct Replacement for National LM330T-5.0 


description 

The LM330 3-terminal positive regulator features an ability to source 1 50 milliamperes of output current with an input- 
output differential of 0.6 volt or less. Familar regulator features such as current limit and thermal overload protection 
are also provided. 

The LM330 has low dropout voltage making it useful for certain battery applications. For example, since the low dropout 
voltage allows a longer battery discharge before the output falls out of regulation, a battery supplying the regulator 
input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. The LM330 protects 
both itself and the regulated system from reverse installation of batteries. 

Other protection features include line transient protection above 40 volts, where the output actually shuts down to 
avoid damaging internal and external circuits. The LM330 regulator cannot be harmed by temporary mirror-image 
insertion. 


KC PACKAGE 



schematic diagram 
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Voltage Regulators 


TYPE LM330 

3-TERMINAL POSITIVE REGULATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage 26 V 

Transient input voltage t = 1 s 50 V 

t = 100 ms 60 V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) 2 W 

Continuous total dissipation at (or below) case temperature (see Note 1 ) 20 W 

Operating free-air, case, or virtual junction temperature -55°C to 150°C 

Storage temperature -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



0 I I I I I M 

25 50 75 100 125 150 

T/v— Free-Air Temperature— °C 


FIGURE 1 
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recommended operating conditions 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



FIGURE 2 


- — -n 

MIN 

MAX 

UNIT 

'o 

Output current 

5 

150 

mA 

Ta 

Operating virtual junction temperature 

0 

100 

°C 
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TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, 
(unless otherwise noted) 


PARAMETERS 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, Iq = 5 mA to 1 50 mA, 

4.8 5 5.2 

V 

Tj = 0°C to 100°C 

4.75 5.25 

Input regulation 

Iq = 5 mA 

V| = 9 V to 1 6 V 

7 25 

mV 

V| = 6 V to 26 V 

o 

CO 

o 

00 

Ripple rejection 

f = 1 20 Hz 

56 

dB 

Output regulation 

Iq = 5 mA to 1 50 mA 

14 50 

mV 

Output voltage long- 
term drift* 

After 1000 h at Tj = 100°C 

20 

mV 

Dropout voltage 

Iq = 1 50 mA 

0.32 0.6 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

50 

/cV 

Output voltage with 
input polarity reversed 

R L = 100 n 

V| = -30 V, t =100 ms 

> -0.3 

V 

V| = -12 V, DC 

> -0.3 

Output voltage with 
input transient 

V| = 60 V, t = 100 ms 

<5.5 

V 

V| = 50 V, t = 1 s 

<5.5 

Bias current with input 

transient 

R|_ = 100 n 

V| = 40 V, t = 1 s 

14 

mA 

V, = -6 V, t = Is 

-80 

Overvoltage shutdown 
voltage 


26 45 

V 

Output impedance 

lO = 100 mA, l Q = 10 mA (rms), f = 100 Hz to 10 kHz 

200 

mfi 

Bias current 

lO = 10 mA 

3.5 7 

mA 

Iq = 50 mA 

5 11 

Iq = 1 50 mA 

o 

co 

Bias current change 

V| = 6 V to 26 V 

10 

% 

Peak output current 


1 50 420 700 

mA 


^Unless otherwise specified, all characteristics except ripple rejection and noise voltage measurements are measured using pulse techniques 
(t w < 10 ms, duty cycle < 5%) with a capacitor of 0.1 /iF across the input and a capacitor of 10 nF across the output. Output voltage changes due to 
changes in internal temperature must be taken into account separately. 

*Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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Voltage Regulators 


TYPE LM330 

3-TERMINAL POSITIVE REGULATOR 


OUTPUT VOLTAGE 

VS 

VIRTUAL JUNCTION TEMPERATURE 



TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 
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FIGURE 4 


OUTPUT VOLTAGE 
vs 



V|— Input Voltage-V 

FIGURE 5 


PEAK OUTPUT CURRENT 


RIPPLE REJECTION 
vs 






V|— Input Voltage-V 

FIGURE 6 

DROPOUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 


f— Frequency— Hz 

FIGURE 7 


DROPOUT VOLTAGE 
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vs 

OUTPUT CURRENT 
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lO-Output Current-mA 

FIGURE 8 


OUTPUT IMPEDANCE 
vs 



Tj-Virtual Junction Temperature-°C 

FIGURE 9 


lO— Output Current— mA 

FIGURE 10 


f— Frequency— Hz 

FIGURE 1 1 


4 

6-30 . Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 










TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 

VS 



V|- Input Voltage— V 

FIGURE 12 


LINE TRANSIENT RESPONSE 



INPUT CURRENT 
vs 

REVERSE INPUT VOLTAGE 



V|— Input Voltage— V 

FIGURE 14 
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OUTPUT CURRENT 
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Voltage Regulators 


TYPE LM330 

3-TERMINAL POSITIVE REGULATOR 


TYPICAL APPLICATION DATA 


LM330 



NOTES: A. Use of Cl is required if the regulator is not located in close proximity to the supply filter. 

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The 
minimum capacitance that will provide stability is 10 juF- The capacitor must be rated for operation at —40 C to guarantee 
stability to that extreme. 

FIGURE 20 
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LINEAR 

INTEGRATED 

CIRCUITS 


• 3-Terminal Regulators 

• Output Current up to 1.5 A 

• No External Components 

• Internal Thermal Overload 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe- Area Compensation 

• Output Load Regulation . . . 0.3% Typ 

• Direct Replacements for National LM340 
Series 


description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Any 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 


SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 

D2332, SEPTEMBER 1977-REVISED MARCH 1983 


NOMINAL 


OUTPUT 

REGULATOR 

VOLTAGE 


5 V 

LM340-5 

12 V 

LM340-12 

15 V 

LM340-1 5 


KC PACKAGE 


(TOP VIEW) 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 
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Voltage Regulators 


SERIES LM340 

POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input voltage 35 V 

Continuous total dissipation at 25 °C free-air temperature (see Note 1) 2 W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 15 W 

Operating free-air, case, or virtual junction temperature range - 55 °C to 1 50 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

2000 

£ 1800 
E 

i 1600 

0 

| 1400 
| 1200 

1 1000 

d 

| 800 

0 

g 600 

1 400 

i 200 

0 

25 50 75 100 125 150 

Ta— F ree-Air Temperature— °C 

FIGURE 1 


CASE TEMPERATURE 



25 50 75 100 125 150 

Tc~Case Temperature— °C 


FIGURE 2 
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recommended operating conditions 


, 1 

MIN 

MAX 

UNIT 


LM340-5 

7 

25 


Input voltage, V| 

LM340-1 2 

14.5 

30 

V 


LM340-1 5 

17.5 

30 


Output current, Iq 

1.5 

A 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


LM340-5 electrical characteristics at specified virtual junction temperature, V| = 10 V, lo = 1 A 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS T 

MIN TYP MAX 

UNIT 

Output voltage 

Iq = 5 mA to 1 A 

25°C 

4.8 5 5.2 

V 

V| = 7 V to 20 V, Iq = 5 mA to 1 A, 

P < 15 W 

0°C to 1 25°C 

4.75 5.25 

Input regulation 

Iq = 500 mA 

V| = 7 V to 25 V 

25°C 

3 50 

mV 

V| = 8 V to 20 V 

0°C to 1 25 °C 

50 

l 0 = 1 A 

V| = 7.3 V to 20 V 

25°C 

50 

Vj = 8 V to 1 2 V 

0°C to 1 25°C 

25 

Ripple rejection 

V| = 8 V to 1 8 V, 

f = 1 20 Hz 

lO — 1 A 

25 °C 

62 80 

dB 

Iq ^ 500 mA 

0°C to 1 25°C 

62 

Output regulation 

Iq = 250 mA to 750 mA 

25°C 

25 

mV 

Iq = 5 mA to 1 .5 A 

10 50 

Iq = 5 mA to 1 A 

0°C to 125°C 

50 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

40 

/xV 

Dropout voltage 

i 0 = 1 A 

25°C 

2 

V 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 1 25°C 

-0.6 

mV/°C 

Output impedance 

f = 1 kHz 

25 °C 

8 

mQ 

Bias current 

l 0 1 A 

25 °C 

8 

mA 

0°C to 125°C 

8.5 

Bias current change 

V| = 7.5 V to 20 V, l 0 < 1 A 

25 °C 

1 

mA 

V| = 7 V to 25 V, lo < 500 mA 

0°C to 1 25°C 

1 

Iq = 5 mA to 1 A 


0.5 

Peak output current 


25 °C 

2.4 

A 

Short-circuit current 


25 °C 

2.1 

A 


t All characteristics are measured with a capacitor across the input of 0.22 /if and a capacitor across the output of 0.1 /*F. All characteristics except noise 
voltage rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 
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Voltage Regulators 


SERIES LM340 

POSITIVE-VOLTAGE REGULATORS 


LM340-12 electrical characteristics at specified virtual junction temperature, V| = 19 V, lo = 1 A 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS * 

MIN TYP MAX 

UNIT 

Output voltage 

Iq = 5 mA to 1 A 

25°C 

11.5 12 12.5 

V 

V| = 14.5 V to 27 V, l 0 = 5 mA to 1 A, 

P < 15 W 

0°C to 125°C 

11.4 12.6 

Input regulation 

lO = 500 mA 

V| = 14.5 V to 30 V 

25°C 

4 120 

mV 

V| = 1 5 V to 27 V 

0°C to 1 25 °C 

120 

l 0 = 1 A 

V| = 14.6 V to 27 V 

25 °C 

120 

V| = 16 V to 22 V 

0°C to 1 25 °C 

120 

Ripple rejection 

V| = 1 5 V to 25 V, 
f = 120 Hz 

lO — 1 A 

25 °C 

55 72 

dB 

Iq ^ 500 mA 

0°C to 1 25 °C 

55 

Output regulation 

Iq = 250 mA to 750 mA 

25 °C 

60 

mV 

Iq = 5 mA to 1 .5 A 

12 120 

Iq = 5 mA to 1 A 

0°C to 1 25°C 

120 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

75 


Dropout voltage 

l 0 = 1 A 

25 °C 

2 

V 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 1 25 °C 

-1.5 

mV/°C 

Output impedance 

f = 1 kHz 

O 

LO 

<N 

18 

mfi 

Bias current 

l 0 < 1 A 

25°C 

8 

mA 

0°C to 1 25°C 

8.5 

Bias current change 

V| = 14.8 V to 27 V, Iq < 1 A 

25°C 

1 

mA 

V| = 14.5 V to 30 V, l 0 < 500 mA 

0°C to 1 25 °C 

1 

Iq — 5 mA to 1 A 

0.5 

Peak output current 


25°C 

2.4 

A 

Short-circuit current 


25°C 

1.5 

A 


t All characteristics are measured with a capacitor across the input of 0.22 nF and a capacitor across the output of 0.1 jtF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


LM340-15 electrical characteristics at specified virtual junction temperature, V| = 23 V, lo = 1 A 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 I 

MIN TYP MAX 

UNIT 

Output voltage 

lO = 5 mA to 1 A 

25 °C 

14.4 15 15.6 

V 

V| = 17.5 V to 30 V, l 0 = 5 mA to 1 A, 

P < 15 W 

0°C to 125°C 

14.25 15.75 

Input regulation 

Iq = 500 mA 

V| = 17.5 V to 30 V 

25 °C 

4 150 

mV 

V| = 18.5 V to 30 V 

0°C to 1 25 °C 

150 

lO = 1 A 

V| = 17.7 V to 30 V 

25 °C 

150 

V 1 = 20 V to 26 V 

0°C to 1 25°C 

75 

Ripple rejection 

V| =18.5 V to 28.5 V, 
f = 1 20 Hz 

lO ^ 1 A 

25 °C 

54 70 

dB 

Iq — 500 mA 

0°C to 1 25°C 

54 

Output regulation 

Iq = 250 mA to 750 mA 

25°C 

75 

mV 

Iq = 5 mA to 1 .5 A 

12 150 

Iq = 5 mA to 1 A 

0°C to 1 25 °C 

150 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

90 

mV 

Dropout voltage 

< 

II 

O 

25°C 

2 

V 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 1 25 °C 

-1.8 

mV/°C 

Output impedance 

f = 1 kHz 

25 °C 

19 

mO 

Bias current 

lO - 1 A 

25°C 

8 

mA 

0°C to 1 25°C 

8.5 

Bias current change 

V| = 17.9 V to 30 V, Iq < 1 A 

25°C 

1 

mA 

V| = 17.5 V to 30 V, lo < 500 mA 

0°C to 1 25°C 

1 

Iq = 5 mA to 1 A 

0.5 

Peak output current 


25 °C 

2.4 

A 

Short-circuit current 


25 °C 

1.2 

A 


t All characteristics are measured with a capacitor across the input of 0.22 /tF and a capacitor across the output of 0.1 jtF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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SERIES LM340 

POSITIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 

NORMALIZED OUTPUT VOLTAGE 

VS 

VIRTUAL JUNCTION TEMPERATURE 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 


LM340-5 
BIAS CURRENT 


vs 

VIRTUAL JUNCTION TEMPERATURE 
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FIGURE 7 
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FIGURE 9 


FIGURE 10 
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\/ n i+o« e Regulators 


SERIES LM340 

POSITIVE-VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 



FIGURE 1 1— ADJUSTABLE SUPPLY WITH STABLE 
OUTPUT FROM 8 VOLTS TO 35 VOLTS 



The boost circuit takes over at 
a level determined by Rg. 



where lg is the LM340 operating 
level. 

Maximum current limit Icl is 
determined by Rcl- 



Example: If lg is selected to be 
0.5 A, then 
Rg = 1.2 n. 

If Iqj_ is 3 A, then 

Rcl = 0-2 ft. 


FIGURE 12-OUTPUT CURRENT BOOST CIRCUIT 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPE LNI350 
3-AMP ADJUSTABLE REGULATOR 

D2716, MARCH 1983-REVISED NOVEMBER 1983 


Adjustable Output . . . 1 .2 V to 33 V 
3-A Output Current Capability 
Line Regulation . . . 0.005%/V Typ 
Load Regulation . . . 0.1% Typ 
Current Limit Constant with Temperature 
Guaranteed Thermal Regulation 

Direct Replacement for National 
Semiconductor LM350 


description 

The LM350 is an adjustable 3-terminal positive- 
voltage regulator capable of supplying 3 amperes over 
an output voltage range of 1 .2 volts to 33 volts. The 
device is easy to use and requires only two external 
resistors to set the output voltage. Both input and 
output regulation are better than standard fixed 
regulators. 


KC PACKAGE 


(TOP VIEW) 



INPUT 

OUTPUT 

ADJUSTMENT 


THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO220AB 



In addition to higher performance than fixed regulators, the LM350 offers full overload protection available only in 
integrated circuits. Included on the chip current limit, thermal overload protection, and safe-area protection. All 
overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no 
capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass 
is needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can 
be bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM350 is useful in a wide variety of other applications. Even though the regulator 
is floating and sees only the input-to-output differential voltage, use of these devices to regulate voltages that would 
cause the maximum-rated differential voltage to be exceeded if the output became shorted to ground is not 
recommended. The TL783 or TL783A is recommended for output voltages exceeding 33 volts. The primary application 
of the LM350 is that of a programmable output regulator, but by connecting a fixed resistor between the adjustment 
terminal and the output terminal, this device can be used as a precision current regulator. Supplies with electronic 
shutdown can be achieve by clamping the adjustment terminal to ground, which programs the output to 1.2 volts 
where most loads draw little current. 


The LM350 is characterized for operation from 0°C to 125°C. 
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Voltage Regulators 


TYPE LM350 

3-AMP ADJUSTABLE REGULATOR 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage 35 V 

Continuous total power dissipation at 25 °C free-air temperature (see Note 1) 2 W 

Continuous total power dissipation at (or below) 25 °C case temperature (see Note 1) 30 W 

Operating free-air, case, or virtual junction temperature range -55°C to 150°C 

Storage temperature range -65°C to 1 50 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds . 260 °C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 



MIN MAX 

UNIT 

Output current, lo 

3 

A 

Operating virtual junction temperature, Tj 

0 125 

°C 


electrical characteristics over recommended ranges of operating virtual junction temperature, 
V, - Vq = 5 V, Iq = 1.5 A (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Input regulation 

V| - Vq = 3 V to 35 V 

Tj = 25 °C 


0.005 

0.03 

%/V 

(see Note 2) 

See Note 3 

Tj = 0°C to 1 25°C 


0.02 

0.07 


V 0 = 10 V, 

f = 120 Hz 

65 


Ripple rejection 

< 

o 

ii 

o 

< 

f = 120 Hz, 

66 

dB 


10-/iF capacitor between ADJ and ground 


lO = 10 mA to 3 A, 

V 0 <5V 


5 

25 

mV 

Output regulation 

Tj = 25 °C, See Note 3 

Vq > 5 V 


0.1 

0.5 

% 

lo = 10 mA to 3 A, 

Vq < 5 V 


20 

70 

mV 


See Note 3 

Vq > 5 V 


0.3 

1.5 

% 

Output voltage change 
with temperature 

Tj = 0°C to 1 25 °C 

1 

% 

Thermal regulation 

t w = 20 ms 


0.002 

0.03 

%/W 

Output voltage long-term 
drift (see Note 4) 

After 1000 h at Tj = 125°C 

0.3 1 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, 

Tj = 25 °C 

0.003 

% 

Minimum output current 
to maintain regulation 

V| - Vq = 35 V 


3.5 

10 

mA 

Peak output current 

V| - Vq ^ io V 

3 

4.5 


A 

V| - Vq = 30 V, 

Tj = 25 °C 

0.25 1 


Adjustment-terminal current 



50 

100 

liA 

Change in adjustment- 

V| - V 0 = 3 V to 35 V, 



0.2 

5 

nA 

terminal current 

Iq = 10 mA to 3 A 




Reference voltage 
(output to ADJ) 

V| - V 0 = 3 V to 35 V, 

Iq = 10 mA to 3 A, 

P < 30 W 

1.2 

1.25 

1.3 

V 


NOTES: 2. Input regulation is expressed as the percentage change in output voltage per 1-volt change at the input. 

3. Input regulation and output regulation are measured using pulse techniques (t w ^ 10 jts, duty cycle < 5%) to limit changes in average internal 
dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 

4. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 


6-42 


, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


118 



Maximum Continuous Dissipation— mW 


TYPE LM350 
3 AMP ADJUSTABLE REGULATOR 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
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FIGURE 2 


TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE DEVIATION 
vs 

VIRTUAL JUNCTION TEMPERATURE INPU1 


V| = 15 V 
Vq = 10 V 


10 = 1.5 A- 


-10 = 500 mA- 


Iq = 3A 


-25 25 75 125 175 

Tj— Virtual Junction Temperature— °C 
FIGURE 3 


OUTPUT CURRENT 
vs 

INPUT-OUTPUT DIFFERENTIAL VOLTAGE 



Tj = 25 C 


0 5 10 15 20 25 30 35 4l 

V, — Vq— I nput-output Differential Voltage— V 
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Voltage Regulators 


TYPE LM350 

3-AMP ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


ADJUSTMENT CURRENT 


VS 



-75 -25 25 75 125 175 

Tj— Virtual Junction Temperature— °C 
FIGURE 5 


REFERENCE VOLTAGE 


vs 

VIRTUAL JUNCTION TEMPERATURE 



-75 -25 25 75 125 175 

Tj— Virtual Junction Temperature— °C 
FIGURE 6 


TYPICAL APPLICATION DATA 




1.25 V (1 + R2/R1) 


NOTES: A. 
B. 


Capacitor Cl is required if regulator is not located in close proximity to the power supply amplifier. 
Capacitor C2 may be used to improve transient response. 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 

D2733, APRIL 1983 


I • Input-Output Differential Less than 0.6 V 
I • Output Current of 1 50 mA 
I • Reverse Battery Protection 

• Line Transient Protection 

• 40-Volt Load-Dump Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Direct Replacement for National LM2930 
Series 

description 

The LM2930-5 and LM2930-8 are 3-terminal positive regulators that provide fixed 5-volt and 8-volt regulated outputs. 
Each features the ability to source 150 milliamperes of output current with an input-output differential of 0.6 volt 
or less. Familiar regulator features such as current limit and thermal overload protection are also provided. 

The LM2930 series has low voltage dropout making it useful for certain battery applications. For example, the low 
voltage dropout feature allows a longer battery discharge before the output falls out of regulation; the battery supplying 
the regulator input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. Supporting 
this feature, the LM2930 series protects both itself and the regulated system from reverse battery installation or two- 
battery jumps. 

Other protection features include line transient protection for load-dump of up to 40 volts. In this case the regulator 
shuts down to avoid damaging internal and external circuits. The LM2930 series regulator cannot be harmed by 
temporary mirror-image insertion. 


KC PACKAGE 



LINEAR 

INTEGRATED 

CIRCUITS 


33 


schematic diagram 



All component values are nominal. 


Copyright © 1983 by Texas Instruments Incorporated 
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Voltage Regulators 


TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage 26 V 

Transient input voltage: t = 1 s 40 V 

Continuous reverse input voltage -6 V 

Transient reverse input voltage: t = 1 00 ms ^-12 V 

Continuous total dissipation at 25 0 C free-air temperature (see Note 1 ) 2 W 

Continuous total dissipation at (or below) 25 0 C case-temperature (see Note 1 ) 20 W 

Operating free-air, case, or virtual junction temperature -40°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case to 10 seconds 260 °C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variation in individual device elecrical characteristics and thermal resistance, the bult-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 


CASE TEMPERATURE 




25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 
FIGURE 1 


150 



25 50 75 100 125 

Tc-Case Temperature— °C 
FIGURE 2 


150 


recommended operating conditions 


1 

MIN 

MAX 

UNIT 

<0 

Output current 

150 

mA 

Tj 

Operating virtual junction temperature 

-40 

125 

°C 


48 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


LM2930-5 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V ( = 6 V to 26 V, Iq = 5 mA to 150 mA, 

Tj = -40°C to 1 25 °C 

4.5 5 5.5 

V 

Input regulation 

Iq = 5 mA 

V| = 9 V to 1 6 V 

7 25 

mV 

V| = 6 V to 26 V 

o 

00 

O 

00 

Ripple rejection 

f = 1 20 Hz 

56 

dB 

Output regulation 

lO - 5 mA to 1 50 mA 

14 50 

mV 

Output voltage long-term drift* 

After 1000 h at Tj = 125°C 

20 

mV 

Dropout voltage 

lO = 1 50 mA 

0.32 0.6 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

60 

/tV 

Output voltage during 
line transients 

V| = - 1 2 V to 40 V, R|_ = 1 00 Q 

-0.3 5.5 

V 

Output impedance 

Iq = 100 mA, l 0 = 10 mA (rms), f = 100 Hz to 10 kHz 

200 

mO 

Bias current 

lO = 10 mA 

4 7 

mA 

Iq - 150 mA 

o 

00 

Peak output current 


1 50 300 700 

mA 


LM2930-8 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Output voltage 

V| = 9.4 V to 26 V, Iq = 5 mA to 1 50 mA, 

Tj = -40°C to 1 25 °C 

7.2 8 8.8 

V 

Input regulation 

Iq = 5 mA 

V| = 9.4 V to 16 V 

12 50 

V 

V| = 9.4 V to 26 V 

50 100 

Ripple rejection 

f = 1 20 Hz 

52 

dB 

Output regulation 

lO = 5 mA to 1 50 mA 

25 50 

mV 

Output voltage long-term drift* 

After 1000 h at Tj = 125°C 

30 

mV 

Dropout voltage 

lO = 150 mA 

0.32 0.6 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

90 


Output voltage during 

line transients 

V| = - 1 2 V to 40 V, R L = 1 00 0 

-0.3 8.8 

V 

Output impedance 

Iq = 100 mA, l D = 10 mA (rms), f = 100 Hz to 10 kHz 

300 

mfi 

Bias current 

Iq = 10 mA 

4 7 

mA 

Iq = 150 mA 

18 40 

Peak output current 


1 50 300 700 

mA 


* Unless otherwise specified, all characteristics, except ripple rejection and noise voltage measurements, are measured using pulse techniques (t w < 10 ms, 
duty cycle < 5%) with a capacitor of 0.1 /*F across the input and a capacitor of 10 /tF across the output. Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

* Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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Voltage Regulators 


TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


NORMALIZED OUTPUT VOLTAGE 

VS 

VIRTUAL JUNCTION TEMPERATURE 


TYPICAL CHARACTERISTICS 

LM2930-5 

OUTPUT VOLTAGE 
vs 

E INPUT VOLTAGE 


LM2930-5 

OUTPUT VOLTAGE 


INPUT VOLTAGE 


1.005 
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Tj— Virtual Junction Temperature— C 


FIGURE 3 

RIPPLE REJECTION 


V|— Input Voltage— V 

FIGURE 4 


FREQUENCY 


V|— Input Voltage— V 

FIGURE 5 

RIPPLE REJECTION 
vs 

OUTPUT CURRENT 
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FIGURE 6 
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OUTPUT IMPEDANCE 
vs 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


TYPICAL CHARACTERISTICS 

INPUT CURRENT 


INPUT VOLTAGE 


LINE TRANSIENT RESPONSE 



Tj = 25°C 
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FIGURE 12 


INPUT CURRENT 
vs 

REVERSE INPUT VOLTAGE 



V|— Input Voltage— V 

FIGURE 13 

BIAS CURRENT 
vs 

OUTPUT CURRENT 



I q— O utput Current— m A 

FIGURE 16 


OUTPUT VOLTAGE 
vs 



LOAD TRANSIENT RESPONSE 
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Voltage Regulators 


TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


TYPICAL APPLICATION DATA 


LM2930 



NOTES: A. Use of Cl is required if the regulator is not located in close proximity to the supply filter. 

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The minimum value 
required for stability is 10 /tF. The capacitor must be rated for operation at -40°C to guarantee stability to that extreme. 


FIGURE 19 


4 
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LINEAR 

INTEGRATED 

CIRCUITS 

• Input-Output Differential Less than 0.6 V 

• Output Current of 1 50 mA 

• Reverse Battery Protection 

• Very Low Quiescent Current 

• 60-Volt Load-Dump Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Reverse Transient Protection to -50 V 

• Direct Replacement for National LM2931-5 


description 


TYPE LM2931-5 
3 TERMINAL POSITIVE VOLTAGE REGULATOR 

D2828, FEBRUARY 1984 



The LM2931-5 is a 3-terminal positive voltage lp 

regulator that provides a 5-volt regulated output. silect package 

It features the ability to source 1 50 milliamperes 
of output current with an input-output 
differential of 0.6 volt or less. Familiar regulator 
features such as current limit and thermal 
overload protection are also provided. 

The LM2931-5 has low voltage dropout making 
it useful for certain battery applications. For 
example, the low-voltage-dropout feature allows 
a longer battery discharge before the output falls 
out of regulation; the battery supplying the 
regulator input voltage may discharge to 
5.6 volts and still properly regulate the system 
and load voltage. Supporting this feature, the 

LM2931-5 protects both itself and the regulated system from reverse battery installation or two-battery 
jumps. The very low quiescent current feature is especially useful in battery powered applications. 



Other protection features include line transient protection for load-dump of up to 60 volts. In this case 
the regulator shuts down to avoid damaging internal and external circuits. The LM2931 -5 regulator is virtually 
immune to temporary mirror-image insertion. 

The LM2931-5 is characterized for operation from -40°C to 150°C. 



PRODUCT PREVIEW 

This page contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 


Copyright © 1984 by Texas Instruments Incorporated 
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Voltage Regulators 


TYPE LM2931-5 

3-TERMINAL POSITIVE VOLTAGE REGULATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage 26 V 

Transient input voltage: t = 1 s 60 V 

Continuous reverse input voltage -15 V 

Transient reverse input voltage: t = 100 ms -50 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 1) 

LP package 775 mW 

KC package 2 W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 

LP package 1 .6 W 

KC package 4 W 

Operating free-air, case, or virtual junction temperature -40°C to 150°C 

Storage temperature range - 65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTE 1 : For operation above 25 °C free-air temperature, refer to Figures 1,2,3, and 4. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal 
overload protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 



MIN TYP MAX 

UNIT 

Output current, lo 

150 

mA 

Operating virtual junction temperature, Tj 

-40 125 

°C 


electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 10 mA, 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP 

MAX 

UNIT 

Output voltage 

V| = 6 V to 26 V, l 0 < 1 50 mA, 

Tj = -40°C to 1 25 °C 

4.75 5 

5.25 

V 

Input regulation 

Iq = 10 mA 

V| = 9 V to 1 6 V 

2 

10 

mV 

V| = 6 V to 26 V 

4 

30 

Ripple rejection 

f = 120 Hz | 

80 

dB 

Output regulation 

Iq = 5 mA to 

150 mA 

14 

50 

mV 

Output voltage long-term drift* 

After 100 h at Tj = 125°C 

20 

mV 

Dropout voltage 

Iq = 10 mA 

0.05 

0.2 

V/ 

Iq = 1 50 mA 

0.3 

0.6 

V 

Output noise voltage 

f = 10 Hz to 100 kHz 

500 

fiV rms 

Bias current 

V| = 6 V to 26 V, lo = 10 mA, 

Tj = -40°C to 1 25 °C 

0.4 1 

mA 


V, = 14 V, l 0 

= 150 mA, Tj = 25°C 

15 



'•’Unless otherwise specified, all characteristics, except ripple rejection and noise voltage measurements, are measured using pulse techniques (t w < 10 ms, 
duty cycle < 5%) with a capacitor of 0.1 jiF across the input and a capacitor of 100 jiF across the output. Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

*Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE LM2931-5 
3-TERMINAL POSITIVE VOLTAGE REGULATOR 


THERMAL INFORMATION 


KC PACKAGE 
FREE-AIR TEMPERATURE 



25 50 75 100 125 150 

Ta~ F ree-Air Temperature— °C 
FIGURE 1 


LP PACKAGE 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



)l i i I I -N 

25 50 75 100 125 150 

t a -f ree-Air Temperature— °C 


FIGURE 3 
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KC PACKAGE 
CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
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Tc— Case Temperature— °C 



FIGURE 2 


LP PACKAGE 
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DISSIPATION DERATING CURVE 
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FIGURE 4 


NOTE 2: This curve for the LP package is based on thermal resistance, R^ja- measured in still air with the device mounted in an Augat socket. The bottom 
of the package was 3/8 inch above the socket. 
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Voltage Regulators 


6 


6-54 


LINEAR 

INTEGRATED 

CIRCUITS 

• Separate Outputs for “Crowbar” and Logic 
Circuitry 

• Programmable Time Delay to Eliminate 
Noise Triggering 

• TTL-Level Activation Isolated from Voltage- 
Sensing Inputs 

• 2.6-Volt Internal Voltage Reference with 
Temperature Coefficient Typically 
0.08%/ °C 


TYPE MC3423 
OVERVOLTAGE-SENSING CIRCUIT 

D2439, APRIL 1978-REVISED JANUARY 1983 

MC3423 JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

Vcc dl u sh OUT 
SENSE 1 [2 ?]V EE 

sense 2 C 3 6 Hind out 

CURR SOURCE Q 4 5 ] REMOTE ACTIVATE 


description 

The MC3423 overvoltage-sensing circuit is designed to protect sensitive electronic circuitry by monitoring the supply 
rail and triggering an external "crowbar" SCR in the event of a voltage transient or loss of regulation. The protective 
mechanism may be activated by an overvoltage condition at the Sense 2 input or by application of a TTL high level 
to the Remote Activate terminal. Separate outputs are available to trigger the crowbar circuit and to provide a logic 
pulse to indicator or power supply control circuitry. The Sense 2 input provides a direct control of the output circuitry. 
The Sense 1 input controls an internal current source that may be utilized to implement a delayed trigger by connecting 
its output to an external capacitor and the Sense 2 input. This protects against false triggering due to noise at the 
Sense 1 input. 

The MC3423 is characterized for operation from 0°C to 70 °C. 

functional block diagram 



Copyright © 1983 by Texas Instruments Incorporated 
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Voltage Regulators 


TYPE MC3423 

OVERVOLTAGE-SENSING CIRCUIT 


absolute maximum ratings 

Supply voltage, Vqc (see Note 1 ) 40 V 

Sense 1 voltage 6.5 V 

Sense 2 voltage 6.5V 

Remote activate input voltage 7 V 

Output current, lo 300 mA 

Continuous dissipation at (or below) 25 °C free-air temperature (see Note 2): JG package 825 mW 

P package 1000 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 


NOTES: 1. Voltage values are measured with respect to the Vgf terminal. 

2. For operating above 25 °C free-air temperature, refer to the Dissipation Derating Table. In the JG package, MC3423 chips are glass-mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

JG (Glass-Mounted Chip) 

P 

825 mW 

1000 mW 

6.6 mW/°C 

8 mW/°C 

25°C 

25 °C 


recommended operating conditions 

Supply voltage, Vcc 

High-level input voltage, remote activate input 
Low-level input voltage, remote activate input 


MIN MAX UNIT 

4.5 40 V 

2 V 

0.5 V 


electrical characteristics over operating free-air temperature range, Vqc = 5 V to 36 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Output voltage 

Remote Activate at 2 V, 
lo = 100 mA 

Vcc-2.2 

< 

O 

o 

1 

bo 


V 

Indicator low-level output voltage 

Remote Activate at 2 V, 

Iq = 1.6 mA 


0.1 

0.4 

V 

Threshold voltage of either sense input 

T A = 25 °C 

2.45 

2.6 

2.75 

V 

Temperature coefficient of input threshold voltage 


0.06 

%/°c 

Source current (pin 4) 

Sense 1 at 3 V, Pin 4 at 1 .3 V 

0.1 

0.22 

0.3 

mA 

High-level input current. Remote Activate input 

Vcc = 5 V, V| = 2 V 


5 

40 

J*A 

Low-level input current. Remote Activate input 

Tec = 5 V, V| = 0.8 V 


-120 

-180 

/*A 

Supply current 

Outputs open 


6 

10 

mA 

Propagation delay time. Remote Activate input to Output 

T A = 25 °C 

0.5 

ixs 

Output current rate of rise 

T A = 25 °C 

400 

mA//ts 
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LINEAR 

INTEGRATED CIRCUITS 


3-Terminal Regulators 
Output Current up to 100 mA 
No External Components Required 
Internal Thermal Overload Protection 
Internal Short Circuit Current Limiting 
Direct Replacement for Motorola 


MC79L00 Series 


Available in 5% or 10% Selections 


SERIES MC79L00 
NEGATIVE VOLTAGE REGULATORS 

D2656, OCTOBER 1982 


NOMINAL 

5% 

10% 

OUTPUT 

OUTPUT VOLTAGE 

OUTPUT VOLTAGE 

VOLTAGE 

TOLERANCE 

TOLERANCE 

-5 V 

MC79L05AC 

MC79L05C 

-12 V 

MC79L12AC 

MC79L12C 

-15 V 

MC79L15AC 

MC79L15C 


description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These include on-card regulation for 
elimination of noise and distribution problems 
associated with single-point regulation. In addition, 
they can be used to control series pass elements to 
make high-current voltage-regulator circuits. One of 
these regulators can deliver up to 100 mA of output 
current. The internal current-limiting and thermal- 
shutdown features make them essentially immune to 
overload. When used as a replacement for a Zener- 
diode and resistor combination, these devices can 
provide an effective improvement in output impedance 
of two orders of magnitude and lower bias current. 


LP SILECT PACKAGE 



schematic 
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Voltage Regulators 


SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 



MC79L05 

MC79L12 

MC79L15 

UNIT 

Input voltage 

-30 

-35 

V 

Continuous total dissipation at 25°C free-air temperature (see Note 1) 

775 

775 

mW 

Continuous total dissipation at (or below) 25° C case temperature (see Note 1 ) 

1600 

1600 

mW 

Operating free-air, case, or virtual junction temperature range 

0 to 1 50 

Oto 150 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 

260 

260 

°C 


NOTE 1 : For operation above 25° C free-air temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2. 


FREE-AIR TEMPERATURE 



25 50 75 100 125 150 


Ta — Free-Air Temperature — °C 


CASE TEMPERATURE 



25 50 75 100 125 150 

Tc — Case Temperature — °C 


FIGURE 1 


FIGURE 2 


6 


NOTE 2: This curve for the LP package is based on thermal resistance, Rgj^, measured in still air with the device mounted in an Augat socket. 
The bottom of the package was 3/8 inch above the socket. 


recommended operating conditions 


r — 1 

MIN 

MAX 

UNIT 


MC79L05 

-7 

-20 


Input voltage, V| 

MC79L12 

-14.5 

-27 

V 


MC79L15 

-17.5 

-30 


Output current, Iq 

100 

mA 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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NEGATIVE-VOLTAGE REGULATORS 


MC79L05 electrical characteristics at specified virtual junction temperature, 
V| = -10 V, Iq - 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 ' 

MC79L05C 

MC79L05AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

-4.6 -5 -5.4 

-4.8 -5 -5.2 


V| = -7 V to -20 V, 

Iq = 1 mA to 40 mA 

0°C to 1 25° C 

-4.5 -5.5 

-4.75 -5.25 

V 

V| = -10 V f 

Iq = 1 mA to 70 m A 

0°C to 125°C 

-4.5 -5.5 

—4.75 -5.25 

Input regulation 

V| = -7 V to -20 V 

25° C 

200 

150 

mV 

V| = -8 V to -20 V 

150 

100 

Ripple rejection 

V ( = -8 V to -18 V, 
f = 120 Hz 

25° C 

40 49 

41 49 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25° C 

60 

60 

mV 

Iq = 1 mA to 40 mA 

30 

30 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

40 

40 

mV 

Dropout voltage 

Iq = 40 mA 

25° C 

1.7 

1.7 

V 

Bias current 


25° C 

6 

6 

mA 

125°C 

5.5 

5.5 1 

Bias current change 

Vi = -8 Vto -20 V 

0°C to 1 25° C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


MC79L12 electrical characteristics at specified virtual junction temperature, 
V| = -19, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

MC79L12C 

MC79L12AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

-11.1 -12 -12.9 

-11.5 -12 -12.5 

V 

V| = -14.5 to -27 V, 

Iq = 1 mA to 40 mA 

0°C to 1 25° C 

-10.8 -13.2 

-11.4 -12.6 

V| = -19 V, 

1 0 = 1 mA to 70 mA 

0°C to 125°C 

-10.8 -13.2 

-11.4 -12.6 

Input regulation 

V| = -14.5 to -27 V 

25° C 

250 

250 

mV 

V| = — 16 V to -27 V 

200 

200 

Ripple rejection 

V| = -15 Vto -25 V, 

f = 120 Hz 

25° C 

36 42 

37 42 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25° C 

100 

100 

E9 

lO = 1 mA to 40 mA 

50 

50 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

80 

80 

mV 

Dropout voltage 

Iq = 40 mA 

25° C 

1.7 

1.7 

V 

Bias current 


25° C 

6.5 

6.5 

mA 

125°C 

6 

6 

Bias current change 

V, = -16 Vto -27 V 

0°C to 1 25° C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


^ All characteristics are measured with a 0.33 -mF capacitor across the input and a 0.1 -MF capacitor across the output. All characteristics except 
noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to 
changes in internal temperature must be taken into account separately. 
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Voltage Regulators 


SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


MC79L15 electrical characteristics at specified virtual junction temperature, 
V| = -23 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MC79L15C 

MC79L15AC 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

-13.8 -15 -16.2 

-14.4 -15 -15.6 

V 

V| = -17.5 Vto -30 V, 

Iq = 1 rnA to 40 mA 

0°C to 125°C 

-13.5 -16.5 

-14.25 -15.75 

V| = -23 V, 

Iq = 1 mA to 70 mA 

0°C to 125°C 

-13.5 -16.5 

-14.25 -15.75 

Input regulation 

V| = -17.5 Vto -30 V 

25° C 

300 

300 

mV 

V| = -20 Vto -30 V 

250 

250 

Ripple rejection 

V| = -18.5 Vto -28.5 V, 

f = 120 Hz 

25° C 

33 39 

34 39 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25° C 

150 

150 

mV 

Iq - 1 mA to 40 mA 

75 

75 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

90 

90 

mV 

Dropout voltage 

IO = 40mA 

25° C 

1.7 

1.7 

V 

Bias current 


25° C 

6.5 

6.5 

mA 

1 25° C 

6 

6 

Bias current change 

1 V, = -20 Vto -30 V 

0°C to 125°C 

1 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.2 

0.1 


* All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-mF capacitor across the output. All characteristics except 
noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to 
changes in internal temperature must be taken into account separately. 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

D2714, MARCH 1983 


■ • Complete PWM Power Control Circuitry 

I • Uncommitted Output for 200-mA Sink or 
I Source Current 

I • Variable Dead-Time Provides Control Over 
I Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply 

• Circuit Architecture Provides Easy 
Synchronization 

• Direct Replacements for Motorola MC35060 nc-No internal connections 

and MC34060 

description 

The MC35060 and MC34060 incorporate on a single monolithic chip all the functions required in the construction 
of a pulse-width-modulation control circuit. Designed primarily for power supply control, each of the devices contains 
an on-chip 5-volt regulator, two error amplifiers, an adjustable oscillator, and a dead-time control comparator. The 
uncommitted output transistor provides either common-emitter or emitter-follower output capability. The internal 
amplifiers exhibit a common-mode voltage range from -0.3 volt to Vcc ~ 2 volts. The dead-time control comparator 
has a fixed offset that provides approximately 5% dead time unless externally altered. The on-chip oscillator may 
be bypassed by terminating Rj (pin 6) to the reference output and providing a sawtooth input to Cj (pin 5), or it 
may be used to drive the common MC35060 or MC34060 circuitry and provide a sawtooth input for associated control 
circuitry in multiple rail power supplies. 

The MC35060 is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C. The MC34060 
is characterized for operation from 0°C to 70 °C. 

functional block diagram 


J OR N 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

ERROR / NONINV INPUTjlTTTuh NONINV INPUT 'l ERROR 
AMP 1 \ INV INPUTd 2 13 H INV INPUT f AMP 2 

FEEDBACK^ 3 12 J REF OUT 

DEAD-TIME CONTROLd 4 11 IJ NC 

CtO io U Vcc 

RtO 9jC 
gndC 7 8 He 


LINEAR 

INTEGRATED 

CIRCUITS 



All voltage and current values shown are nominal. 
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Voltage Regulators 


TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


absolute maximum ratings over operation temperature range (unless otherwise noted) 



MC35060 

MC34060 

UNIT 

Supply voltage, Vqc (see Note 1 ) 

42 

42 

V 

Amplifier input voltages 

Vcc + 0-3 

Vcc + 0-3 

V 

Collector output voltage 

42 

42 

V 

Collector output current 

250 

250 

mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 

1000 

1000 

mW 

Operating free-air temperature range 

-55 to 125 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 


260 

°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table. In the J package, MC35060 chips are alloy-mounted and 
MC34060 chips are glass-mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

J (Alloy-Mounted Chip) 

1 000 mW 

1 1.0 mW/°C 

59 °C 

J (Glass-Mounted Chip) 

1000 mW 

8.2 mW/°C 

28 °C 

N 

1000 mW 

9.2 mW 

41 °C 


recommended operating conditions 



MC35060 

MC34060 

UNIT 

MIN MAX 

MIN MAX 

Supply voltage, Vqc 

7 40 

7 40 

V 

Amplifier input voltages, V| 

-0.3 Vcc-2 

-0.3 V CC -2 

V 

Collector output voltage, Vo 

40 

40 

V 

Collector output current (each transistor) 

200 

200 

mA 

Reference output current 

10 

10 

mA 

Current into feedback terminal 

0.3 

0.3 

mA 

Timing capacitor, Cj 

0.47 10 000 

0.47 10 000 

nF 

Timing resistor, Ry 

1.8 500 

1.8 500 

kO 

Oscillator frequency 

1 200 

1 200 

kHz 

Operating free-air temperature, Ty\ 

-55 125 

o 

r" 

o 

°C 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, f = 10 kHz 
(unless otherwise noted) 
reference section 


PARAMETER 

TEST CONDITIONS 1 

MC35060 

MC34060 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Output voltage (V re f) 

•o = 1 mA 

4.75 5 5.25 

4.75 5 5.25 

V 

Input regulation 

Vcc = 7 V to 40 V, T a = 25 °C 

2 25 

in 

CM 

CM 

mV 

Output regulation 

l] 0 = 1 to 10 mA, T a = 25°C 

1 15 

1 15 

mV 

Output voltage change 
with temperature 

AT A = MIN to MAX 

0.2 2 

0.2 2.6 

% 

Short-circuit output current § 

o 

ll 

v ® 

> 

10 35 50 

35 

mA 


oscillator section 


PARAMETER 

TEST CONDITIONS 1 

MC35060 

MC34060 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Frequency 

C T = 0.001 fiF, R T = 47 kfi 

25 

25 

kHz 

Standard deviation of frequencyl 

Cy = 0.001 ,iF, Rt = 47 k 0 

3 

3 

% 

Frequency change with voltage 

Vcc = 7 V to 40 V, T A = 25 °C 

0.1 

0.1 

% 

Frequency change with 

temperature 

C T = 0.001 fiF, R t = 47 kfi, 

AT a = MIN to MAX 

4 

2 

% 


dead-time control-section (see figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Input bias current (pin 4) 

V| = 0 to 5.25 V 

-2 -10 

fiA 

Maximum duty cycle 

V| (pin 4) = 0 

C T = 0.1 fiF, Ry = 12 kO 

90 96 100 

% 

Cy = 0.1 iiF, Ry = 47 kfi 

92 100 

Input threshold voltage (pin 4) 

Zero duty cycle 

3 3.3 

V 

Maximum duty cycle 

0 


error-amplifier sections 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Input offset voltage 

v O (pin 3) = 2-5 V 

2 10 

mV 

Input offset current 

V 0 (pin 3) = 2-5 V 

25 250 

nA 

Input bias current 

v O (pin 3) = 2-5 V 

0.2 1 

fiA 

Common-mode input voltage range 

V CC = 7 V to 40 V 

-0.3 

to 

Vcc -2 

V 

Open-loop voltage amplification 

A V 0 = 3 V, R L = 2 kS), Vq = 0.5 V to 3.5 V 

70 95 

dB 

Unit-gain bandwidth 


800 

kHz 

Common-mode rejection ratio 

Vcc = 40 V 

o 

00 

LO 

CO 

dB 

Output sink current (pin 3) 

V| D = -15 mV to -5 V, V (pin 3) = 0.5 V 

0.3 0.7 

mA 

Output source current (pin 3) 

V| D = 1 5 mV to 5 V, V( pin 3) = 3.5 V 

-2 

mA 


output section 


PARAMETER 

TEST CONDITIONS 

MC35060 

MC34060 

UNIT 

MIN 

TYP* 

MAX 

MIN TYP* 

MAX 

Collector off-state current 

V C E = 40 V, 

Vcc = 40 V 


2 

100 

2 

100 

MA 

Emitter off-state current 

Vcc = v c = 

40 V, V E = 0 

-150 

-100 

/iA 

Collector-emitter 

Common-emitter 

V E = 0, 

1C = 200 mA 


1.1 

1.5 

1.1 

1.3 

v 

saturation voltage 

Emitter follower 

V C = 15 V, 

l E = -200 mA 


1.5 

2.5 

1.5 

2.5 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operation conditions. 


All typical values except for temperature coefficients are at T A = 25 °C. 

^Duration of the short-circuit should not exceed one second. 

1 Standard deviation is a measure of. the statistical distribution about the mean as derived from the formula 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vqq = 15 V, f = 10 kHz 
(unless otherwise noted) 


pwm comparator section (see figure 1 ) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP* MAX 

UNIT 

Input threshold voltage (pin 3) 

Zero duty cycle 

4 4.5 

V 

Input sink current (pin 3) 

V(pin 3) = 0-7 V 

0.3 

0.7 

mA 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

Standby supply current 

Pin 6 at V re f f 

V CC = 15 V 

6 

10 

mA 

All other inputs and outputs open 

V C C = 40 V 

9 

15 

Average supply current 

V(pin 4) = 2 V, 

See Figure 1 

7.5 

mA 


switching characteristics, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

Output voltage rise time 

Common-emitter configuration, 

100 

200 

ns 

Output voltage fall time 

See Figure 3 

25 

100 

ns 

Output voltage rise time 

Emitter-follower configuration. 

100 

200 

ns 

Output voltage fall time 

See Figure 4 

40 

100 

ns 


t All typical values except for temperature coefficients are at T/^ = 25 °C. 


PARAMETER MEASUREMENT INFORMATION 



V C C = 15 V 



CAPACITOR Ct 

FEEDBACK 
DEAD-TIME CONTROL 




rurr^^j 


TIMING WAVEFORMS 


FIGURE 1 - DEAD-TIME AND FEEDBACK CONTROL 
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TYPES MC35060, MC34060 
PULSE WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


ERROR AMPLIFIER 
UNDER TEST 



OTHER 

ERROR 

AMPLIFIER 


FEEDBACK 

TERMINAL 


FIGURE 2 - ERROR-AMPLIFIER CHARACTERISTICS 


(OUTPUT CIRCUIT) 



C L = 1 5 pF 
(includes probe and 
jig capacitance) 



TEST CIRCUIT 


OUTPUT VOLTAGE WAVEFORM 


FIGURE 3 - COMMON-EMITTER CONFIGURATION 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 




Ik 4 k 10 k 40 k 100 k 400 k 1 M 

1 

10 

100 Ik 10 k 100 k 

Rj— Timing Resistance-O 



f— Frequency— Hz 

FIGURE 5 



FIGURE 6 

Frequency variation (At) is the change in oscillator frequency that occurs over the full temperature 

range. 
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LINEAR 

INTEGRATED 

CIRCUITS 

• High Efficiency . . . 80% Typ 

• Low Bias Current ... 135 

• Adjustable Output ... 2.5 V to 24 V 

• Output Current ... 1 50 mA 

• Internal Reference ... 1.3 V ±5% 


• Remote Shutdown Capabilities 

• Interchangeable with Raytheon RM4193 and 
RC4193 

description 

The RM41 93 and RC41 93 are monolithic micropower 
switching regulators designed to provide all the 
functions required to make a complete low-power 
switching regulator primarily for battery operated 
instruments. The RM4193 and RC4193 offer the 
system designer the flexibility of tailoring the circuit 
to the application. Typical applications include step- 
up switching regulation, step-down switching 
regulation, and inverting switch regulation. The 
devices each contain a 1.3-volt temperature- 
compensated band-gap reference, an adjustable free- 
running oscillator, voltage comparator, low battery 
detection circuitry, and a 1 50-milliampere output- 
switch transistor. 


TYPES RM4193, RC4193 
MICROPOWER SWITCHING REGULATOR 

D2718, SEPTEMBER 1983 


RM4193 . . . JG 
RC4193 . . . JG OR P 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


lbrH 

cxz 

LXC 

gndH 


1 U 8 

2 7 

3 6 

4 5 


Hlbd 

□ VFB 

Die 
H v cc 


FUNCTION TABLE 


PIN 

FUNCTION 

DESCRIPTION 

1 

LBR 

Low battery resistor 

2 

CX 

External capacitor 

3 

LX 

External inductor 

4 

GND 

Ground 

5 

V CC 

Supply voltage 

6 

1C 

Reference set control 

7 

VFB 

Feedback voltage 

8 

LBD 

Low battery detector 


For most applications, these regulators can achieve up to 80% efficiency while operating over a wide supply voltage 
range from 2.4 volts to 24 volts at an ultra-low bias current drain of 135 microamperes. The RM4193 and RC4193 
have an adjustable 100-hertz to 160-kilohertz free-running oscillator that provides the drive circuitry for the on-chip 
1 50-milliampere output-switch transistor. An external capacitor on pin 2 determines the oscillator frequency. 

The low-battery detection circuitry contains an open-collector output transistor that can be used to activate a liquid 
crystal display whenever the battery voltage drops below a programmed level. This programmed level is determined 
by the selection of external resistors connected to pin 1 . 


The regulator will shut off when pin 6 (1C) is below 0.5 volt. The shut-off feature is useful in battery-backup applications 
requiring operation only when the line power is removed. Another use of this feature is connecting a zener diode between 
pin 6 and the battery line to shut down the regulator whenever the battery voltage drops below a predetermined level. 

The RM4193 will be characterized for operation over the full military temperature range of -55°C to 125°C. The 
RC4193 will be characterized for operation from 0°C to 70 °C. 



functional block diagram 


LOW-BATTERY 



PRODUCT PREVIEW 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for Single-Ended 
or Push-Pull Applications 

• Low Standby Current ... 8 mA Typ 

• Interchangeable With Silicon General 
SGI 524, SG2524, and SG3524 

description 

The SGI 524, SG2524, and SG3524 incorporate on 
single monolithic chips all the functions required 
in the construction of a regulating power supply, 
inverter, or switching regulator. They can also be 
used as the control element for high-power-output 
applications. The SGI 524 family was designed for 
switching regulators of either polarity, transformer- 
coupled dc-to-dc converters, transformerless voltage 
doublers, and polarity converter applications employ- 
ing fixed-frequency, pulse-width-modulation tech- 
niques. The complementary output allows either 
single-ended or push-pull application. Each device 
includes an on-chip regulator, error amplifier, pro- 
grammable oscillator, pulse-steering flip-flop, two 
uncommitted pass transistors, a high-gain comparator, 
and current-limiting and shut-down circuitry. 


TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

D2294, APRIL 1977 - REVISED DECEMBER 1982 


SGI 524 . . . J 

SG2524, SG3524 . . . J OR LN 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


IN- C 

TT 

16 

H REF OUT 

IN + C 

2 

15 

H vcc 

OSC OUT C 

3 

14 

H EMIT 2 

CURR LIM+ C 

4 

13 

H COL 2 

CURR LIM- C 

5 

12 

J COL 1 

RtC 

6 

11 

H EMIT 1 

ctC 

7 

10 

H SHUT DOWN 

GND C 

8 

9 

D COMP 


The SGI 524 is characterized for operation over the 
full military temperature range of — 55° C to 125°C 
The SG2524 is characterized for operation from 
— 25°C to 85°C, and the SG3524 is characterized 
for operation from 0°C to 70°C. 
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Voltage Regulators 


TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, Vcc ( see Notes 1 and 2) 40 V 

Collector Output Current 100 mA 

Reference Output Current 50 mA 

Current Through Cj Terminal —5 mA 

Continuous Total Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 1000 mW 

Operating Free-Air Temperature Range: SG1524 — 55°C to 125°C 

SG2524 — 25°C to 85° C 

SG3524 0°C to 70° C 

Storage Temperature Range — 65°Cto150°C 

NOTES: 1 . All voltage values are with respect to network ground terminal. 


2. The reference regulator may be bypassed for operation from a fixed 5-volt supply by connecting the Vqq and reference output pins both to the 
supply voltage. In this configuration the maximum supply voltage is 6 volts. 

3. For operation above 25°C free-air temperature refer to Figures 16 and 17. In the J package, SGI 524 chips are alloy mounted; SG2524 and 
SG3524 chips are glass mounted. 

recommended operating conditions 



SGI 524 

SG2524 

SG3524 

UNIT 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Supply voltage, Vqq 

8 

40 

8 

40 

8 

40 

V 

Reference output current 

0 

50 

0 

50 

0 

. 50 

mA 

Current thru Cj terminal 

-0.03 

-2 

-0.03 

-2 

-0.03 

-2 

mA 

Timing resistor, Rj 

1.8 

100 

1.8 

100 

1.8 

100 

kS2 

Timing capacitor, Cj 

0.001 

0.1 

0.001 

0.1 

0.001 

0.1 

mF 

Operating free-air temperature 

-55 

125 

-25 

85 

0 

70 

°c 


electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V, f = 20 kHz 
(unless otherwise noted) 

reference section 


PARAMETER 

TEST 

CONDITIONS"*" 

SGI 524 

SG2524 

SG3524 

UNIT 

MIN TYP* MAX 

MIN TYPt MAX 

MIN TYPi MAX 

Output voltage 


4.8 5 5.2 

4.8 5 5.2 

4.6 5 5.4 

V 

Input regulation 

V CC = 8 to 40 V 

10 20 

10 20 

10 30 

mV 

Ripple rejection 

f = 120 Hz 

66 

66 

66 

dB 

Output regulation 

lO = 0 to 20 mA 

20 ' 50 

20 50 

20 50 

mV 

Output voltage change 
with temperature 

Ta = MIN to MAX 

0.6 2 

0.3 1 

0.3 1 

% 

Short-circuit output current § 

V ref = 0 

100 

100 

100 

mA 


"* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values except output voltage change with temperature are at Ta = 25°C. 

§ Duration of the short-circuit should not exceed one second. 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V, f = 20 kHz 
(unless otherwise noted) 

oscillator section 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

Frequency 

Cy = 0.001 juF, R T = 2 kfZ 

450 

kHz 

Standard deviation of frequency § 

All values of voltage, temperature, 

resistance, and capacitance constant 

5 

% 

Frequency change with voltage 

VCC = 8 to 40 V, T A = 25°C 

1 

% 

Frequency change with temperature 

T a = MIN to MAX 

2 

% 

Output amplitude at pin 3 


3.5 

V 

Output pulse width at pin 3 

Cy = 0.01 juF 

0.5 

jUS 


error amplifier section 


PARAMETER 

TEST CONDITIONS 

SGI 524, SG2524 

SG3524 

UNIT 

MIN TYPt ‘MAX 

MIN TYPt MAX 

Input offset voltage 

V| C = 2.5 V 

0.5 5 

2 10 

mV 

Input bias current 

V | C = 2.5 V 

2 10 

2 10 

m a 

Open-loop voltage amplification 


72 80 

60 80 

dB 



1.8 

1.8 


Common-mode input voltage range 

T a = 25° C 

to 

to 

V 



3.4 

3.4 


Common-mode rejection ratio 


70 

70 

dB 

Unity-gain bandwidth 


3 

3 

MHz 

Output swing 

T A = 25° C 

0.5 3.8 

0.5 3.8 

V 


output section 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Collector-emitter breakdown voltage 


40 

V 

Collector off-state current 

V CE = 40 V 

0.01 50 

mA 

Collector-emitter saturation voltage 

Iq = 50 mA 

1 2 

V 

Emitter output voltage 

Vq = 20 V, Ie = —250 nA 

17 18 

V 

T urn-off voltage rise time 

Rc = 2 kft 

0.2 

jus 

Turn-on voltage fall time 

He = 2 kft 

0.1 

JUS 


comparator section 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Maximum duty cycle, each output 


45 

% 

Input threshold voltage at pin 9 

Zero duty cycle 

1 

V 

Maximum duty cycle 

3.5 

Input bias current 


-1 

MA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values except for temperature coefficients are at T A = 25° C. 


§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula a = ^ 
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TYPES SGI 524, SG2524, SG3S24 
REGULATING PULSE WIDTH MODULATORS 


electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V, f = 20 kHz 
(unless otherwise noted) 

current limiting section 



Sense voltage at = 25 C V( p j n 2) - V( p jft -j) > 50 mV, 

Temperature coefficient v (pin 9) = 2 V 

of sense voltage 


Standby current 


TEST CONDITIONS 

Vcc = 40 V, Pins 1,4,7,8,9,11,14 grounded. 

Pin 2 at 2 V, All other inputs and outputs open 


MIN TYPt MAX 


$ All typical values except for temperature coefficients are at T ^ = 25°C. 


PARAMETER MEASUREMENT INFORMATION 

Vcc = 8 to 40 V 





FIGURE 1-GENERAL TEST CIRCUIT 


CIRCUIT 
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TEST CIRCUIT 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


PRINCIPLES OF OPERATION 

The SGI 524+ is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator operates at a 
fixed frequency that is programmed by one timing resistor Ry and one timing capacitor Cj. Ry establishes a constant 
charging current for Cj. This results in a linear voltage ramp at Cy, which is fed to the comparator providing linear 
control of the output pulse width by the error amplifier. The SGI 524 contains an on-board 5-volt regulator that serves 
as a reference as well as supplying the SG1524's internal regulator control circuitry. The internal reference voltage is 
divided externally by a resistor ladder network to provide a reference within the common-mode range of the error amp- 
lifier as shown in Figure 6, or an external reference may be used. The output is sensed by a second resistor divider net- 
work and the error signal is amplified. This voltage is then compared to the linear voltage ramp at Cy. The resulting 
modulated pulse out of the high-gain comparator is then steered to the appropriate output pass transistor (Q1 or Q2) 
by the pulse-steering flip-flop, which is synchronously toggled by the oscillator output. The oscillator output pulse also 
serves as a blanking pulse to assure both outputs are never on simultaneously during the transition times. The width of 
the blanking pulse is controlled by the value of Cy. The outputs may be applied in a push-pull configuration in which 
their frequency is half that of the base oscillator, or paralleled for single-ended applications in which the frequency is 
equal to that of the oscillator. The output of the error amplifier shares a common input to the comparator with the 
current-limiting and shut-down circuitry and can be overridden by signals from either of these inputs. This common 
point is also available externally and may be employed to control the gain of, or to compensate, the error amplifier, or 
to provide additional control to the regulator. 

TYPICAL application data 


oscillator 


The oscillator controls the frequency of the SG 1 524 and is programmed by Ry and Cy as shown in Figure 4. 

1.15 

f* 

where Ry is in kilohms ^T Cy 

Cy is in microfarads 
f is in kilohertz 

Practical values of Cy fall between 0.001 and 0.1 microfarad. Practical values of Ry fall between 1.8 and 100 kilohms. 
This results in a frequency range typically from 140 hertz to 500 kilohertz. 


blanking 



The output pulse of the oscillator is used as a blanking pulse at the output. This pulse width is controlled by the value 
of Cy as shown in Figure 5. If small values of Cy are required, the oscillator output pulse width may still be maintained 
by applying a shunt capacitance from pin 3 to ground. 


synchronous operation 

When an external clock is desired, a clock pulse of approximately 3 volts can be applied directly to the oscillator output 
terminal. The impedance to ground at this point is approximately 2 kilohms. In this configuration Ry Cy must be 
selected for a clock period slightly greater than that of the external clock. 

If two or more SGI 524 regulators are to be operated synchronously, all oscillator output terminals should be tied 
together. The oscillator programmed for the minimum clock period will be the master from which all the other 
SG1524's operate. In this application, the Cy Ry values of the slaved regulators must be set for a period approximately 
10% longer than that of the master regulator. In addition, Cy (master) = 2 Cy (slave) to ensure that the master output 
pulse, which occurs first, has a wider pulse width and will subsequently reset the slave regulators. 

‘•‘Throughout these discussions, references to SG 1 524 apply also to SG2524 and SG3524. 
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TYPES SG1524, SG2524 f SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL APPLICATION DATA 

voltage reference 

The 5-volt internal reference may be employed by use of an external resistor divider network to establish a reference 
within the error amplifiers common-mode voltage range ( 1 .8 to 3.4 volts) as shown in Figure 6, or an external reference 
may be applied directly to the error amplifier. For operation from a fixed 5-volt supply, the internal reference may be 
bypassed by applying the input voltage to both the Vcc and Vref terminals. In this configuration, however, the input 
voltage is limited to a maximum of 6 volts. 


REF 

OUT TO POSITIVE 



REF 

OUT 



R1 R2 
R 1 + R2 


= 2.5 kn 


FIGURE 6-ERROR AMPLIFIER BIAS CIRCUITS 


error amplifier 

The error amplifier is a differential-input transconductance amplifier. The output is available for dc gain control or ac 
phase Compensation. The compensation node (pin 9) is a high-impedance node (Rl = 5 megohms). The gain of the 
amplifier is Ay = (0.002 £2 ) R|_ and can easily be reduced from a nominal 10,000 by an external shunt resistance 

from pin 9 to ground. Refer to Figure 3 for data. 

compensation 


Pin 9, as discussed above, is made available for compensation. Since most output filters will introduce one or more 
additional poles at frequencies below 200 hertz, which is the pole of the uncompensated amplifier, introduction of 
a zero to cancel one of the output filter poles is desirable. This can best be accomplished with a series RC 
circuit from pin 9 to ground in the range of 50 kilohms and 0.001 microfarads. Other frequencies can be canceled by 
use of the formula f « 1/RC. 



shut down circuitry 

Pin 9 can also be employed to introduce external control of the SGI 524. Any circuit that can sink 200 microamperes 
can pull the compensation terminal to ground and thus disable the SGI 524. 

In addition to constant-current limiting, pins 4 and 5 may also be used in transformer-coupled circuits to sense primary 
current and shorten an output pulse should transformer saturation occur. Pin 5 may also be grounded to convert pin 4 
into an additional shutdown terminal. 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


current limiting 


TYPICAL APPLICATION DATA 


A current-limiting sense amplifier is provided in the SGI 524. The current-limiting sense amplifier exhibits a threshold 
of 200 millivolts and must be applied in the ground line since the voltage range of the inputs is limited to +1 volt to 
-1 volt. Caution should be taken to ensure the — 1-volt limit is not exceeded by either input, otherwise damage to 
the device may result. 


Fold-back current limiting can be provided with the network shown in Figure 7. The current-limit schematic is shown 
in Figure 8. 


fT 


(-)C.L. 


(+)C.L. 


R t 

R 2 


-+VqUT 


•o(max) _ ^ \ v (sense) + 


V 0 R 2 \ 
R-I + Ry 


•os = 


V (sense) 


where V ( S en S e) = 20 mV 


FIGURE 7— FOLDBACK CURRENT LIMITING FOR SHORTED OUTPUT CONDITIONS 



FIGURE 8-CURRENT-LIMIT SCHEMATIC 


output circuitry 

The SG1524 contains two identical n-p-n transistors the collectors and emitters of which are uncommitted. Each 
transistor has antisaturation circuitry that limits the current through that transistor to a maximum of 100 milliamperes 
for fast response. 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL APPLICATION DATA 


general 

There are a wide variety of output configurations possible when considering the application of the SGI 524 as a voltage 
regulator control circuit. They can be segregated into three basic categories: 

1. Capacitor-diode-coupled voltage multipliers 

2. Inductor-capacitor-implemented single-ended circuits 

3. Transformer-coupled circuits 

Examples of these categories are shown in Figures 9, 10 and 11, respectively. Detailed diagrams of specific applications 
are shown in Figures 12 through 15. 





+ V|N 


w— r 1 (r 


I 


-w — r- +v o 


T 

1 


V IN < v O 



t 


+4 


-t- - v o 

1+V|M |> i -Vq i 


FIGURE 9-CAPACITOR-DIODE-COUPLED VOLTAGE- 
MULTIPLIER OUTPUT STAGES 



T 

X 


■+V 0 

V| N > Vq 



— +Vo 
V IN < Vq 




PUSH PULL 



FIGURE 11-TRANSFORMER-COUPLED OUTPUTS 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL APPL CATION DATA 




< 

o 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL APPLICATION DATA 



FIGURE 14-SINGLE-ENDED LC CIRCUIT 




FIGURE 15-PUSH-PULL TRANSFORMER-COUPLED CIRCUIT 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


THERMAL INFORMATION 


J PACKAGE FREE-AIR TEMPERATURE 



0 I I I I i I 

25 50 75 100 125 


Ta— Free-Air Temperature— °C 


FIGURE 16 



N PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


1200 







800 

600 

400 

200 

0 



















DERA1 

TNG FAC' 

TOR = 9.2 

1 

"b 

o 



ABOVE 41C 

R«JA * 108° c/w 

1 i 1 ] 




25 35 45 55 65 75 85 

Ta— F ree-Air Temperature— °C 


FIGURE 17 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 

PULSE WIDTH MODULATION CONTROLLERS 

D2806, SEPTEMBER 1983 


• Complete PWM Power Control Circuitry 

• 8-Volt to 35-Volt Operation 

• 5.1-Volt Reference Trimmed to ±1% 

• Frequency Range ... 100 Hz to 500 Hz 

• Adjustable Deadtime Control 

• Under-Voltage Lockout for Low Vcc 
Conditions 

• Latched PWM Prevents Multiple Pulses 

• Dual Sink or Source Output Drivers 

• Direct Replacements for Silicon General 
SGI 525A/SG1 527A Series 


SG1525A, SG1527A . . . J 
SG2525A, SG2527A . . . J OR N 
SG3525A, SG3527A . . . J OR N 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


INVERTING INPUT Ql Un 

NONINVERTING INPUT.C 2 15 

SYNC C 3 14 

OSCILLATOR OUT[l4 13 

CjE^ 12 
RlCe ii 
DISCHARGEE 7 10 

SOFT-START E 8 9 


J REFERENCE 
DVCC <V|) 

U OUTPUT B 

Hvc 

H GND 
J OUTPUT A 
D SHUTDOWN 
U COMPENSATION 


output logic 

SGI 525A, SG2525A, SG3525A . . . NOR 
SG1527A, SG2572A, SG3527A ... OR 


description 

The SGI 525A/SG1 527 A series of pulse-width modulation integrated circuits are designed to offer improved performance 
and lower external parts count when used to implement various types of switching power supplies. Each device includes 
an on-chip 5.1 -volt reference, error amplifier, programmable oscillator, pulse-steering flip-flop, a latched comparator 
under-voltage lockout, shutdown circuitry, and complementary source or sink outputs. The on-chip 5.1 -volt reference 
is trimmed to ± 1 % initial accuracy, serves as a reference output, and supplies the internal regulator control circuitry. 
The input common-mode range of the error amplifier includes the reference voltage, which eliminates the need for 
external divider resistors. 


The oscillator operates at a fixed frequency determined by one timing resistor Rj and one timing capacitor Cj. The 
timing resistor establishes the constant charging current for Cj, resulting in a linear voltage ramp at Cj, which is 
fed to the PWM comparator providing linear control of the output pulse duration by the error amplifier. A Sync input 
to the oscillator allows for external synchronization or for multiple units to be slaved together. A single external resistor 
between the Cj pin and the Discharge pin provides a wide range of dead-time adjustment. These devices also feature 
built-in soft-start circuitry that requires only an external timing capacitor. The Shutdown pin controls both the soft- 
start and the output drivers, and provides instantaneous turn-off with soft-start recycle for slow turn-on. The soft- 
start and output driver circuitry are also controlled by the under-voltage lockout circuit, which, during low-input supply 
voltage of less than that required for normal operation, keeps the soft-start capacitor discharged and the output drivers 
off. 

Another unique feature is the S-R latch following the PWM comparator. This feature enables the output drivers to 
be turned off any time the PWM pulse is terminated. The latch is reset with each clock pulse. However, the PWM 
outputs will remain turned off for the duration of the period if the PWM comparator output is in a low-level state. 
The SGI 525A, SG2525A, and SG3525A output stages feature NOR logic, resulting in a low output for an off-state. 
The SGI 527A, SG2527A, and SG3527A output stages feature OR logic, resulting in a high-level output for an off- 
state. The output stages are totem-pole designs capable of sourcing or sinking 200 milliamperes of output current. 


6 


The SG1525A and SGI 527A are characterized for operation over the full military temperature range of -55°C to 
125°C. The SG2525A and SG2527A are characterized for operation from -25°C to 85 °C. The SG3525A and 
SG3527A are characterized for operation for 0°C to 70 °C. 


Copyright © 1983 by Texas Instruments Incorporated 


. Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


6-81 


Voltage Regulators 



Voltage Regulators 


TYPES SG152SA, SG1527A, SG2525A, SG2S27A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


functional block diagram (positive logic) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1 ) 40 V 

Collector voltage, Vq , 40 V 

6 Logic input voltage range sync and shutdown -0.3 V to 5.5 V 

Analog input voltage range error amplifier inputs -0.3 V to Vcc 

Output current, lo 500 mA 

Reference output current, Iref 50 mA 

Current through Cj terminal - 5 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 1000 mW 

Operating free-air temperature range: SG1525A, SG1527A -55°C to 125°C 

SG2525A, SG2527A -25°Cto85°C 

SG3525A, SG3527A 0°C to 70°C 

Operating virtual junction temperature range 0°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J Package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N Package 260 °C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operating above 25°C free-air temperature, see Dissipation Derating Curves, Figures 1 and 2. In the J package, SG1525A and SG1527A 
chips are alloy-mounted; SG2525A, SG2527A, SG3525A, and SG3527A chips are epoxy mounted. 
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Voltage Regulators 


TYPES SG1S25A, SG1S27A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 20 V 
(unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS 

SG1525A, SG1527A 

SG2525A, SG2527A 

SG3525A. SG3527A 

UNIT 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



Tj = 25 °C 

5.05 

5.1 

5.15 

5 

5.1 

5.2 


Output voltage 

VCC = 8 V to 35 V, 

Iq = 0 to 20 mA 

5 


5.2 

4.95 


5.25 

V 

Input regulation 

Vcc = 8 V to 35 V 


14 

20 


14 

20 

mV 

Output regulation 

Iq = 0 to 20 mA 


5 

50 


5 

50 

mV 

Output voltage change with 
temperature 



24 

50 


24 

50 

mV 

Output voltage long-term drift 
(see Note 3) 

After 1000 h at Tj = 125°C 


25 

50 


25 

50 

mV 

Output noise voltage (RMS) 

f = 10 Hz to 10 kHz, Tj = 25°C 


40 

200 


40 

200 

^V 

Short-circuit output current 

V 0 = 0 V, Tj = 25°C 


80 

100 


80 

100 

mA 


oscillator section 


PARAMETER 

TEST CONDITIONS 

SG1525A, SG1527A 

SG2525A, SG2527A 

SG3525A, SG3527A 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Maximum frequency 

R T = 2 kO, 

Cj = 1 nF 

400 

400 

kHz 

Minimum frequency 

R T = 1 50 kO, 

Cj = 0.1 fiF 

100 

100 

Hz 


Rj = 3.6 kO, 

Rq =0 0, 








Initial frequency error 

Cj = 0.1 m f, 

T A = 25 °C 

f = 40 kHz, 


±2% 

±6% 


±2% 

±6% 


Frequency change with 
supply voltage 

V C C = 8 V to 35 V 


±0.3% 

±1% 


±1% 

±2% 


Frequency change with 

temperature 

T A = MIN to MAX 


±3% 

±6% 


±3% 

±6% 


Output amplitude at Pin 4 

Rj = 3.6 kO, 

Cj = 0.1 fiF, 

Rq = 0 0, 
f = 40 kHz 

3 

3.5 


3 

3.5 


V 


Rj = 3.5 kO, 

Rp = o 0 








Output pulse duration at Pin 4 

Cj = 0.1 m F, 

Tj = 25 °C 

f = 40 kHz, 

0.3 

0.5 

1 

0.3 

0.6 

1 

M s 

Input threshold voltage at Pin 3 


1.2 

2 

2.8 

1.2 

2 

2.8 

V 

Input current at Pin 3 

V|(Pin3) = 3 - 5 v 


1.6 

2.5 


1.6 

2.5 

mA 

Current through Pin 5 due to 
internal current mirror 

Current through Pin 6 = 6 mA 

1.7 

2 

2.2 

1.7 

2 

2.2 

mA 


NOTE 3: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 

PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V 
(unless otherwise noted) 

error amplifier section 


PARAMETER 

TEST CONDITIONS 

SG1525A, SG1527A 

SG2525A, SG2527A 

SG3525A, SG3527A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

High-level output voltage 


3.8 5.6 

3.8 5.6 

V 

Low-level output voltage 


in 

6 

CM 

d 

0.2 0.5 

V 

Input offset voltage 


0.5 5 

2 10 

mV 

Input bias current 


1 10 

1 10 

IxA 

Input offset current 


1 

1 

fiA 

Open-loop voltage amplification 

R L > 10 M 

60 75 

60 75 

dB 

Common-mode rejection ratio 

V|c = 1.5 V to 5.2 V 

in 

i"- 

o 

CD 

in 

o 

CD 

dB 

Supply voltage rejection ratio 

V C c = 8 V to 35 V 

50 60 

50 60 

dB 

Gain-bandwidth product 

A V = 0 dB, Tj = 25°C 

1 2 

1 2 

MHz 


comparator section 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input threshold voltage 

R T = 3.6 kll, 

Rq =0 0, 

C T = 10 nF, f = 40 kHz 

Duty cycle = 0% 

0.6 0.9 

V 

Duty cycle = MAX 

3.3 3.6 

Input bias current 


0.5 1 



soft-start section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Soft-start voltage 

V| at Pin 10 = 2 V 


0.4 

0.6 

V 

Soft-start current 

V| at Pin 10 = 0 V 

25 

50 

80 


Input current, Shutdown 

V| at Pin 10 = 2.5 V 

0.4 1 

mA 


output section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

High-level output voltage 

lOH = -20 mA 

18 

19 



IqH = - 1 00 mA 

17 

18 



Low-level output voltage 

Iql = 20 mA 


0.2 

0.4 

V 

IqL =100 mA 


1 

2 


Under-voltage lockout voltage 

V| at Pins 8 and 9 = high 

6 

7 

8 

V 

Collector cutoff current (see Note 4) 

V C = 35 V, l 0 = 100 mA 

200 

mA 

Output pulse rise time 

C|_ = 1 nF, Tj = 25°C 


100 

600 

ns 

Output pulse fall time 

C L = 1 nF, Tj = 25 °C 


50 

300 

ns 

Shutdown delay time 

V| at Pin 10 = 3 V, 

capacitance at pin 8 = 0, Tj = 25 °C 


0.2 

0.5 

fiS 


NOTE 4: Collector cutoff current specifications apply only for the SG1525A, SG2525A, and SG3525A devices. 

total device 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Minimum duty cycle 


0% 


Maximum duty cycle 


45% 49% 


Standby current 

Vcc = 35 V 

o 

CM 

mA 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A. SG3525A, SG3527A 
PULSE WIDTH MODULATION CONTROLLERS 
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FIGURE 3 - OSCILLATOR SCHEMATIC DIAGRAM 


TYPICAL CHARACTERISTICS 


CHARGING TIME 
vs 

TIMING RESISTOR 



10 100 
Rj— Timing Resistor— k£2 

FIGURE 4 


DISCHARGE TIME 
vs 

DEAD TIME RESISTOR 



100 200 300 400 

Rq— D ead Time Resistor— £2 
FIGURE 5 
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Voltage Gain— dB 


TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 

PULSE-WIDTH MODULATION CONTROLLERS 


TYPICAL CHARACTERISTICS 


ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 


100 

80 

60 

40 

20 

0 

-20 

10 100 Ik 10 k 100 k 1 M 10 M 

f— Frequency— Hz 



SG1525A OUTPUT SATURATION VOLTAGE 


vs 



±0.01 ±0.02 ±0.04 ±0.1 0.2 0.4 0.7 1 

Output Saturation Voltage-V 


FIGURE 6 


FIGURE 7 



TO PWM 
COMPARATOR 
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Voltage Regulators 


TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 



FIGURE 9 - OUTPUT CIRCUIT SCHEMATIC DIAGRAM 

TYPICAL APPLICATION DATA 

shutdown options 

1. Use an external transistor or open-collector comparator to pull down on the Compensation terminal (Pin 9). This 
will set the PWM latch and turn off both driver outputs. If the shutdown signal is momentary, pulse-by-pulse protection 
will be accomplished as the PWM latch is reset with each clock pulse. 


2. The same results may be accomplished by pulling down on the Soft-Start terminal (Pin 8) with the only difference 
being that on this pin shutdown will not affect the amplifier compensation network, but must discharge any soft- 
start capacitance. 

3. Application of a positive-going signal to the Shutdown terminal (Pin 10) will provide the most rapid shutdown of 
the driver outputs but will not immediately set the PWM latch if there is a capacitor at the Soft-Start terminal. The 
capacitor will discharge but at a current twice the charging current. The PWM latch can be set on a pulse-by-pulse 
basis by the shutdown terminal if there is no external capacitance on the Soft-start terminal (Pin 8). Slow turn-on 
may still be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the 
Compensation terminal (Pin 9). 


6-88 


, Texas 
Instruments 


POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 

PULSE-WIDTH MODULATION CONTROLLERS 


TYPICAL APPLICATION DATA 


V CC 


(15) 



TO 

OUTPUT FILTER 


For single-ended supplies, the driver outputs are grounded. 
The Vc terminal is switched to ground by the totem-pole 
source transistors on the alternate oscillator cycles. 

FIGURE 10 - SINGLE-ENDED CIRCUIT 




Low-power transformers can be directly driven by the 
SG1525A. Automatic reset occurs during deadtime when 
both ends of the primary winding are switched to ground. 

FIGURE 11 - TRANSFORMER-COUPLED CIRCUIT 
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Voltage Regulators 


TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


TYPICAL APPLICATION DATA 


Vcc 


GND 


Vcc 


GND 

The low source impedance of the output drivers provides 
rapid charging of power FET input capacitance while 
minimizing external components. 

FIGURE 13- LOW-IMPEDANCE BIPOLAR-DRIVE 
PUSH-PULL CIRCUIT 


98 ; 
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In conventional push-pull bipolar designs, forward base drive 
is controlled by R-| — R3. Rapid turn-off times for the power 
devices are achieved with speed-up capacitors Ci and C2- 


FIGURE 12 - BIPOLAR PUSH-PULL CIRCUIT 





LINEAR 

INTEGRATED 

CIRCUITS 


TYPE TL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 

D2527, APRIL 1979-REVISED JANUARY 1983 


• Output Voltage Range Adjustable 
from 1.2 V to 32 V 


• Input Regulation Typically 0.01% 
Per Input-Volt Change 


• Guaranteed Output Current Capability of 
100 mA 


• Output Regulation Typically 0.5% 

• Ripple Rejection Typically 80 dB 


terminal assignments 



NIC — No internal connection 


description 

The TL317 is an adjustable 3-terminal positive-voltage regulator capable of supplying 100 milliamperes over an 
output-voltage range of 1.2 volts to 32 volts. It is exceptionally easy to use and requires only two external resistors to 
set the output voltage. Both input and output regulation are better than standard fixed regulators. The device is pack- 
aged in standard packages that are easily mounted and handled. 


In addition to higher performance than fixed regulators, this regulator offers full overload protection available only in 
integrated circuits. Included on the chip are current limit and thermal overload protection. All overload protection 
circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no capacitors are needed 
unless the device is situated far from the input filter capacitors in which case an input bypass is needed. An optional 
output capacitor can be added to improve transient response. The adjustment terminal can be bypassed to achieve very 
high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 



Besides replacing fixed regulators, the regulator is useful in a wide variety of other applications. Since the regulator 
is floating and sees only the in put- to- output differential voltage, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not exceeded. Its primary application is that of a programmable 
output regulator, but by connecting a fixed resistor between the adjustment terminal and the output terminal, this 
device can be used as a precision current regulator. Supplies with electronic shutdown can be achieved by clamping the 
adjustment terminal to ground, which programs the output to 1.2 volts where most loads draw little current. 

The TL317M is characterized for operation over the full military temperature range from — 55° C to 125°C. The 
TL317C is characterized for operation from 0°C to 125°C. 
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Voltage Regulators 


TYPE TL317M, TL317G 
3-TERMINAL ADJUSTABLE REGULATOR 


schematic 



All component values shown are nominal 


absolute maximum ratings over operation temperature range (unless otherwise noted) 

Input-to-output differential voltage, V| - Vq 35 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 1): JG package 1050 mW 

LP package 775 mW 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 1600 mW 

Operating free-air, case, or virtual junction temperature range: TL317M -55°C to 150°C 

TL317C 0°C to 1 50 °C 

Storage temperature range -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, LP package 260 °C 


NOTE 1: For operation above 25 °C free-air or case temperature, refer to Dissipation Derating Table. 
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DISSIPATION DERATING TABLE 


PACKAGE 

REFERENCE 

POINT 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

(T A OR T c ) 

JG 

Free-air 

1050 mW 

8.4 mW/°C 

25° C 

Case 

1600 mW 

38.4 mW/°C 

108°C 

LP 

Free-air 

775 mW 

6.2 mW/°C 

25° C 

Case 

1600 mW 

28.6 mW/°C 

94° C 


recommended operating conditions 



TL317M 

TL317C 

UNIT 


MIN 

MAX 

MIN 

MAX 

Output current, Iq 

2.5 

100 

2.5 

100 

mA 

Operating virtual junction temperature, Tj 

-55 

125 

0 

125 

°C 
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TYPE TL317M, TL317C 
3 TERMINAL ADJUSTABLE REGULATOR 


electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

MIN TYP MAX 

UNIT 

Input regulation (see Note 2) 

V| - Vq = 3 V to 35 V, 

See Note 3 

Tj = 25°C 

0.01 0.02 

%/V 

Iq = 2.5 mA to 100 mA 

0.02 0.05 

Ripple rejection 

V 0 = 10V, f = 120 Hz 

65 

dB 

V 0 =10V, f = 1 20 Hz, 

10-mF capacitor between ADJ and ground 

66 80 

Output regulation 

Iq = 2.5 mA to 100 mA, 

Tj = 25° C, 

See Note 3 

Vq < 5 V 

25 

mV 

Vq > 5 V 

0.5 

% 

Iq = 2.5 mA to 1 00 mA, 

See Note 3 

Vq < 5 V 

50 

mV 

Vq > 5 V 

1 

% 

Output voltage change with temperature 

Tj = 0°C to 1 25° C 

1 

% 

Output voltage long-term drift (see Note 4) 

After 1000 h at Tj = 125°C and V| - Vq = 35 V 

0.3 1 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, Tj = 25° C 

0.003 

% 

Minimum output current to maintain regulation 

V| — Vq = 35 V 

1.5 2.5 

mA 

Peak output current 

V|- V 0 <35V 

100 200 

mA 

Adjustment-terminal current 


50 100 

MA 

Change in adjustment-terminal current 

V| - Vq = 2.5 V to 35 V, l 0 = 2.5 mA to 100 mA 

0.2 5 

mA 

Reference voltage (output to ADJ) 

V| - Vq = 3 V to 35 V, Iq = 2.5 mA to 100 mA, 

P < rated dissipation 

1.2 1.25 1.3 

V 


* Unless otherwise noted, these specifications apply for the following test conditions: V| — Vq = 5 V and Iq = 2.5 mA. 

NOTES: 2. Input regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 

3. Input regulation and output regulation are measured using pulse techniques (t w < 1 0 ms, duty cycle < 5%) to limit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

4. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 


TYPICAL APPLICATION DATA 



REG 



Tlr 


D1 * i 
*1N4002 



+ D1 discharges C2 if output 
is shorted to ground. 


FIGURE 1— ADJUSTABLE FIGURE 2-0-V to 30-V REGULATOR FIGURE 3-ADJUST ABLE REGULATOR 

VOLTAGE REGULATOR CIRCUIT CIRCUIT WITH IMPROVED 

RIPPLE REJECTION 


NOTES: A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors. 

B. Use of an output capacitor improves transient response but is optional. 

C. V re f equals the difference between the output and adjustment terminal voltages. 

D. Output voltage is calculated from the equation: Vq = V re f 



$3 

, Texas 6-93 

Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


Voltage Regulators 






Voltage Regulators 


TYPE TL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 



FIGURE 4-PRECISION CURRENT 
LIMITER CIRCUIT 



FIGURE 5-TRACKING PREREGULATOR 
CIRCUIT 


REG 



FIGURE 6— SLOW-TURN-ON 15-V 
REGULATOR CIRCUIT 


FIGURE 7-50-m A CONSTANT-CURRENT 
BATTERY CHARGER CIRCUIT 


REG 



$This resistor sets peak current (100 mA for 6 SI). 


TIP73 



H Minimum load current is 30 mA. 

§ Optional capacitor improves ripple rejection 


FIGURE 8-CURRENT-LIMITED 
6-V CHARGER 


FIGURE 9-HIGH-CURRENT ADJUSTABLE REGULATOR 
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LINEAR 
INTEGRATED 

CIRCUITS 

• Temperature Compensated 

• Programmable Output Voltage 

• Low Output Resistance 

• Low Output Noise 

• Sink Capability to 1 00 mA 

description 

The TL430 is a three-terminal adjustable shunt 
regulator featuring excellent temperature stability, 
wide operating current range, and low output noise. 
The output voltage may be set by two external 
resistors to any desired value between 3 volts and 
30 volts. The TL430 can replace zener diodes in 
many applications providing improved performance. 

The TL430I is characterized for operation from 
-25°C to 85 °C, and the TL430C is characterized 
for operating from 0°C to 70 °C. 

functional block diagram 

REF 

ANODE 
(A) 


CATHODE 

(K) 



TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 

D2165, JUNE 1976 — REVISED DECEMBER 1982 


LP 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Regulator voltage (see Note 1 ) 30 V 

Continuous regulator current 150 mA 

Continuous dissipation at (or below) 25 °C free-air temperature (see Note 2) 775 mW 

Operating free-air temperature range: TL430I - 40 °C to 85 °C 

TL430C 0 °C to 70 °C 

Storage temperature range - 6 5 °C to 1 50 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


recommended operating conditions 

Regulator Voltage, Vz 

Regulator current, lz 

NOTES: 1. All voltage values are with respect to the anode terminal. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Figure 5. 


MIN MAX 

Vref 30 
2 100 


UNIT 

V 

mA 
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Voltage Regulators 


TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


electrical characteristics at 25° C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST 

FIGURE 

TEST CONDITIONS 

TL430I 

TL430C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V re f Reference input voltage 

1 

V z = V re f, l z = 10 mA 

2.6 2.75 2.9 

2.5 2.75 3 

V 

Temperature coefficient of 

a Vref 

reference input voltage 

1 

V z = V re f/ l z =10mA, 

T A = 0°C to 70° C 

+120 +200 

+ 120 

ppm/° C 

l re f Reference input current 

2 

l z = 10 mA, R1 = 10kft, 

R2 = 00 

3 10 

3 10 

mA 

Regulator current near lower 

l Z K 

knee of regulation range 

1 

v z = v ref 

0.5 2 

0.5 2 

mA 

Regulator current at maximum 
ZIV * limit of regulation range 

1 

> 

N 

> 

50 

50 

mA 

2 

V z = 5 V to 30 V, See Note 3 

100 

100 

Differential regulator resistance 
z (see Note 4) 

1 

Vz = V ref( 

Al z = (52-2) mA 

1.5 3 

1.5 3 

n 

V nz Noise voltage 

2 

f = 0.1 Hz to 10 Hz 

V Z = 3 V 

50 

50 

mV 

V Z = 12 V 

200 

200 

V Z = 30 V 

650 

650 


NOTES: 3. The average power dissipation, * I 2 * duty cycle, must not exceed the maximum continuous rating in any 10-ms interval. 
4. The regulator resistance for V z > V re f, r z ', is given by: 



PARAMETER MEASUREMENT INFORMATION 




FIGURE 1-TEST CIRCUIT FOR V z = V re f 


FIGURE 2-TEST CIRCUIT FOR V z > V re f 
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TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 

SMALL-SIGNAL REGULATOR IMPEDANCE 

VS 

FREQUENCY 



1 

v z = 

Vref 





Ta = 

25°C 









/ 












T 






1 





/ 

T 

1 






1 







10 2 1 0 2 10 4 
f— Frequency— Hz 

FIGURE 3 


CURRENT 

vs 

VOLTAGE 


Vz = 

Vref 

IA= 

25°C 














1 2 

V— Voltage— V 
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THERMAL INFORMATION 
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Voltage Regulators 


TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


TYPICAL APPLICATION DATA 



FIGURE 6-SHUNT REGULATOR FIGURE 7-SERIES REGULATOR FIGURE 8-CURRENT LIMITER 



FIGURE 9-OUTPUT CONTROL OF A FIGURE 1 0-HIGHER-CURRENT FIGURE 1 1 -CROW BAR 

THREE-THERMAL APPLICATIONS 

FIXED REGULATOR 



FIGURE 1 2 -OVER-VOLTAGE/UNDER-VOLTAGE 
PROTECTION CIRCUIT 


FIGURE 13-Vcg MONITOR 


1 21 
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The TL431 is a three-terminal adjustable regulator series with guaranteed thermal stability over applicable temperature 
ranges. The output voltage may be set to any value between V re f (approximately 2.5 volts) and 36 volts with two 
external resistors (see Figure 16). These devices have a typical dynamic output impedance of 0.2 £2. Active output 
circuitry provides a very sharp turn-on characteristic, making these devices excellent replacements for zener diodes in 
many applications. 


The TL431 M is characterized for operation over the full military temperature range of — 55° C to 1 25°C. The TL431 I is 
characterized for operation from — 40° C to 85°C, and the TL431 C from 0°C to 70°C. 

terminal assignments 

TL431M..JG TL431I, TL431C . . . LP TL431I, TL431C . . . P 

DUAL-IN-LINE PACKAGE SILECT PACKAGE DUAL-IN-LINE PACKAGE 



NC— No internal connection 

schematic functional block diagram 


CATHODE 



33 
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Voltage Regulators 


TYPES TL431NI, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Cathode voltage (see Note 1 ) . . . 37 V 

Continuous cathode current range —100 m A to 1 50 m A 

Reference input current range —50 (J.A to 10 mA 

Continuous power dissipation at (or below) 25°C free-air temperature (see Note 2): JG package 1050 mW 

LP package 775 mW 

P package 1000 mW 

Operating free-air temperature range: TL431C ' 0°Cto70°C 

TL431I — 40°C to 85° C 

TL431M — 55°C to 125°C 

Storage temperature range — 65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LP or P package 260°C 


NOTES: 1. Voltage values are with respect to the anode terminal unless otherwise noted. 

2. For operation above 25 C free-air temperature, refer to the Dissipation Derating Table. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

JG 

1050 mW 

8.4 mW/°C 

25° C 

LP 

775 mW 

6.2 mW/°C 

25° C 

P 

1000 mW 

8.0 mW/°C 

25° C 


recommended operating conditions 

Cathode voltage, V«A 

Cathode current, Ik, (for regulation) 


MIN MAX UNIT 

V ref 36 V 

1 100 mA 
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electrical characteristics at 25° C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST 



TL431M 

TL431I 

TL431C 

UNIT 

CIRCUIT 


MIN TYP 

MAX 

MIN TYP 

MAX 

MIN TYP 

MAX 

Vref 

Reference input voltage 

1 

V KA = V re f, 

Ik = 10 mA 

2440 2495 

2550 

2440 2495 

2550 

2440 2495 

2550 

mV 

V ref(dev) 

Deviation of reference input voltage 
over full temperature ranget 

1 

V KA = V re f, 

Ik = 1 0 mA, T/\ = full ranged 

22 

44 

15 

30 

8 

17 

mV 

AV ref 

Ratio of change in reference input 


l« = 10 mA 

AVka = 10 V -Vref 

-1.4 

-2.7 

-1.4 

-2.7 

-1.4 

-2.7 

mV 

av KA 

voltage to the change in cathode voltage 


a V K A ~ 36 V — 10 V 

-1 

-2 

-1 

-2 

• -1 

-2 

V 

^ ref 

Reference input current 

2 

IK = 10 mA, 

R1 = 10 ka, R2 = co 

2 

4 

2 

4 

2 

4 

mA 

* ref (dev) 

Deviation of reference input current 
over full temperature ranget 

2 

Ik = 10 mA, R1 = 10 kfl, R2=«> 

T a = full range* 

1 3 

0.8 

2.5 

0.4 

1.2 

mA 

'min 

Minimum cathode current for regulation 

1 

V KA = V re f 

0.4 1 

0.4 1 

0.4 1 

mA 

•off 

Off-state cathode current 

3 

V KA = 36 V, V ref = 0 

0.1 1 

0.1 1 

0.1 1 

HA 

1 z kal 

Dynamic impedance§ 

1 

V KA = V re f, 
f < 1 kHz 

Ik = 1 mA to 100 mA 

0.2 

0.5 

0.2 

0.5 

0.2 

0.5 

n 


f Full temperature range is -55°C to 125°C for the TL431M, -40°C to 85°C for the TL431I, and 0°C to 70°C for the TL431C. 

i The deviation parameters Vref^ev) and 'ref (dev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The 



aV ref can be positive or negative depending on whether minimum V re f or maximum V re f , respectively, occurs at the lower temperature (see Figure 8). 
Example: Max V ref = 2500 mV @ 30°C, Min V re f = 2492 mV @ 0°C, V ref = 2495 mV @ 25°C, AT A = 70°C for TL431C 


"Vref 


/ 8 mV \ 

\ 2495 mV / 


X 10 6 


Because minimum V re f occurs at the lower temperature, the coefficient is positive. 
§The dynamic impedance is defined as: 

I I av KA 


When the device is operated with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 
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TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 




TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 



TYPICAL CHARACTERISTICS 


CATHODE CURRENT 
CATHODE VOLTAGE 


Vka 

Vref 





Ta = 

25°C 
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V|< a— C athode Voltage-V 


CATHODE CURRENT 
CATHODE VOLTAGE 



OFF-STATE CATHODE CURRENT 
FREE-AIR TEMPERATURE 


vka- 3 

VO. 

6 V 
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75 -50 -25 0 25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


NOISE VOLTAGE 
FREQUENCY 



10 40 100 400 1 k 4 k 10 k 40 k 100 k 

f— Frequency— Hz 
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A V re f-Change in Reference Input Voltage-mV V ref - Reference Input Voltage-mV 


TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 

2600 
2580 
2560 
2540 
2520 
2500 
2480 
2460 
2440 
2420 
2400 

—75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C T a— F ree-Air Temperature— °C 

FIGURE 8 FIGURE 9 


REFERENCE INPUT VOLTAGE REFERENCE INPUT CURRENT 



CHANGE IN REFERENCE INPUT VOLTAGE DYNAMIC IMPEDANCE 



0 5 10 15 20 25 30 35 40 -75 -50 -25 0 25 50 75 100 125 

v KA-Cathode Voltage-V TA-Free-Air Temperature-°C 


FIGURE 10 FIGURE 11 

tData is for devices having the indicated value of V re f at l« = 10 mA, T = 25 C. 
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TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 







TYPES TL43 1 M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 


1 k ^ 1 50 SI 


I l' K 

R 1 = < ▼ 



f C| - 

io kn < 

4 

=;c L H p 

t- '■'L s 

■n v ret IF' j k 

/ 



R2 'Sr 

i .. . 



TEST CIRCUIT FOR CURVE A BELOW TEST CIRCUIT FOR CURVES B, C, AND D BELOW 

STABILITY BOUNDARY CONDITIONS 

100 1 a v« A = v ref T | rn n 

90 "B V « a = 5V@lj<=10 m A 

< 80 - C V K A=10V@l K =10mA 

£ D Vka = 15V@ l« = 10mA 














A* 

B* 


STABLE 



C* 




A 




/ \ 


M 

I 


I . 

17 

/ 

D J_ 

\\ 



in 


T A = 25 C 


10 pF 100 pF 1000 pF 0.01 /xF 0.1 /iF 1 jiiF 10juF 
Cl~ L oad Capacitance 

FIGURE 15 

The areas under the curves represent conditions that may cause the device to oscillate. For curves B, C, and D, R2 and V+- were e 
to establish the initial Vva and I conditions with Ci = O. V+ and Ci were then adjusted to determine the ranges of stability. 


TYPICAL APPLICATIONS 




FIGURE 16-SHUNT REGULATOR FIGURE 17-SINGLE-SUPPLY COMPARATOR 

WITH TEMPERATURE- 
COMPENSATED THRESHOLD 


FIGURE 18-SERIES 
REGULATOR 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL493, TL494, TL495 
PULSE WIDTH-MODULATION CONTROL CIRCUITS 

D2535, JANUARY 1983-REVISED SEPTEMBER 1983 


Complete PWM Power Control Circuitry 


Uncommitted Outputs for 200-mA Sink or 
Source Current 


Output Control Selects Single-Ended or 
Push-Pull Operation 


• Internal Circuitry Prohibits Double Pulse at 
Either Output 


• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1% 

• Circuit Architecture Allows Easy 
Synchronization 

• TL493 Has Output Current-Limit Sensing 


• TL495 Has On-Chip 39-V Zener and 
External Control of Output Steering 


description 


TL493C . . . N 

DUAL-IN-LINE PACKAGE (TOP VIEW) 


ERROR f NONINV INPUTE 
AMP 1 INV INPUTC 

FEEDBACK^ 
DEAD-TIME CONTROLE 

CtC 

r tE 

gndE 

ciE. 


TT^h NONINV INPUT 'I CURRENT 
15 UlNV INPUT f LIMIT AMP 
14 I] REF OUT 
13 ] OUTPUT CONTROL 

12 U vcc 

11 JC2 
10 n E2 
on El 


TL494M . . . J 
TL494I, TL494C . . . J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


ERROR f NONINV INPUTE 
AMP 1 ^ INV INPUTC 

FEEDBACK^ 
DEAD-TIME CONTROLE 

CtE 

r tE 

gndE 

ciE 


1 U i6p NONINV INPUT ERROR 
15 I 




UlNV INPUT 
]]REF OUT 
J OUTPUT CONTROL 

HVCC 
UC2 
DE2 
D El 


AMP 2 


The TL493, TL494, and TL495 each incorporate on 
a single monolithic chip all the functions required in 
the construction of a pulse-width-modulation control 
circuit. Designed primarily for power supply control, 
these devices offer the systems engineer the flexibility 
to tailor the power supply control circuitry to his 
application. 

The TL493 contains an error amplifier, current-limiting 
amplifier, an on-chip adjustable oscillator, a dead-time 
control comparator, pulse-steering control flip-flop, a 
5-volt, 1 %-precision regulator, and output-control 
circuits. 

The error amplifier exhibits a common-mode voltage 
range from -0.3 volts to Vcc - 2 volts. The current- 
limit amplifier exhibits a common-mode voltage range 
from -0.3 volts to 3 volts with an offset voltage of 
approximately 80 millivolts in series with the inverting 
input to ease circuit design requirements. The dead- 
time control comparator has a fixed offset that 
provides approximately 5% dead time when externally 
altered. The on-chip oscillator may be bypassed by 
terminating Rj (pin 6) to the reference output and 
providing a sawtooth input to Cy (pin 5), or it may 
be used to drive the common circuits in synchronous 
multiple-rail power supplies. 


ior/iv 

1 l 


TL495C . . . N 

DUAL-IN-LINE PACKAGE (TOP VIEW) 


NONINV INPUT H 1 U 18p NONINV INPUT 


INV inputE 2 
feedbackE^ 

DEAD-TIME CONTROL E 4 
CtEb 
RtE6 

gndE? 
ci E 8 
ElE 9 


} 


17 ]|NV INPUT 
16 ]REF OUT 
15 I] V Z 

14 ^OUTPUT CONTROL 
13 ]] STEERING INPUT 

12 D v cc 
11 UC2 
J0ME2 


ERROR 
AMP 2 


DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 


6 


‘These combinations are not defined by this data sheet. 



TL493 

TL494 

TL495 

TL49-M 

* 

J 

* 

TL49-I 

* 

J,N 

* 

TL49-C 

N 

J,N 

N 


FUNCTION TABLE 


INPUTS 

OUTPUT FUNCTION 

OUTPUT 

CONTROL 

STEERING 

INPUT 

(TL495 only) 

V, < 0.4 V 
V| > 2.4 V 

V, > 2.4 V 

V| > 2.4 V 

Open 

Open 

V, < 0.4 V 

V, > 2.4 V 

Single-ended or parallel output 
Normal push-pull operation 
PWM Output at Q1 

PWM Output at Q2 


Copyright © 1983 by Texas Instruments Incorporated 
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Voltage Regulators 


TYPES TL4QT Tl flQ4 TIM** 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


description (continued) 

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each device 
provides for push-pull or single-ended output operation, which may be selected through the output-control function. 
The architecture of these devices prohibits the possibility of either output being pulsed twice during push-pull operation. 

The TL493 and TL494 are similar except that an additional error amplifier is included in the TL494 instead of a current- 
limiting amplifier. The TL495 provides the identical functions found in the TL494. In addition, it contains an on-chip 
39-volt zener diode for high-voltage applications where Vqc is greater than 40 volts, and an output-steering control 
that overrides the internal control of the pulse-steering flip-flop. 

The TL494M is characterized for operation over the full military temperature range from - 55 °C to 1 25 °C. The TL494I 
is characterized for operation from - 25 °C to 85 °C. The TL493C, TL494C, and TL495C are characterized for operation 
from 0°C to 70 °C. 

functional block diagram 


1 TL495 ONLY I 

I (SEE FUNCTION TABLE) | 


f OUTPUT CONTROL ""! 
1 (SEE FUNCTION TABLE). 



NONINVERTING 
INPUT 


NONINVERTING I 
INPUT 


L _TL494 AND_TL495 
I” "currentTimiT 

NONINVERTING • AMPLIFIER | 

input ", , 1W „ . 

2 


INVERTING _! 
INPUT 


*0.08 V 


i 'r 

l TL493^0NLY_ 


'to 


TL495 ONLY 
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TYPES TL493 TL494 TL49 l i 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


absolute maximum ratings over operating free-air temperature range 
(unless otherwise noted) 



TL494M 

TL494I 

TL493C 

TL494C 

TL495C 

UNIT 

Supply voltage, Vcc (see Note 1 ) 

41 

41 

41 

V 

Amplifier input voltages 

Vcc + 0.31 

Vcc + 0-3 

Vcc + 0.3 

V 

Collector output voltage 

41 

. 41 

41 

V 

Collector output current 

250 

250 

250 

mA 

Continuous total dissipation at (or below) 

25 °C free-air temperature (see Note 2) 

1000 

1000 

1000 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 



260 

260 

°C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table. In the J package, TL494M chips are alloy-mounted; TL494I 
and TL494C chips are glass mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t A 

J (Alloy-Mounted Chip) 

1 000 mW 

11.0 mW/°C 

59 °C 

J (Glass-Mounted Chip) 

1 000 mW 

8.2 mW/°C 

28 °C 

N 

1 000 mW 

9.2 mW/°C 

41 °C 


recommended operating conditions 



TL494M 

TL494I 

TL493C 

TL494C 

TL495C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Supply voltage, Vcc 

7 40 

7 40 

7 40 

V 

Amplifier input voltages, V| 

-0.3 V cc - 2 

-0.3 V CC — 2 

-0.3 V cc — 2 

V 

Collector output voltage, Vq 

40 

40 

40 

V 

Collector output current (each transistor) 

200 

200 

200 

mA 

Current into feedback terminal 

0.3 

0.3 

0.3 

mA 

Timing capacitor, Cj 

0.47 10 000 

0.47 10 000 

0.47 10 000 

nF 

Timing resistor, Rj 

1.8 500 

1.8 500 

1 .8 500 

kO 

Oscillator frequency 

1 300 

1 300 

O 

O 

CO 

kHz 

Operating free-air temperature, 

-55 125 

-25 85 

0 70 

°C 
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Voltage Regulators 


TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 1 5 V, f = 10 kHz 
(unless otherwise noted) 


reference section 


PARAMETER 

TEST CONDITIONS* 

TL494M 

TL493C 

TL494I, TL494C 

TL495C 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Output voltage (V re f) 

•o = 1 mA 

4.75 5 5.25 

4.75 5 5.25 

V 

Input regulation 

Vcc = 7 V to 40 V 

2 25 

in 

CN 

CN 

mV 

Output regulation 

Iq = 1 to 10 mA 

1 15 

1 15 

mV 

Output voltage change 
with temperature 

AT A = MIN to MAX 

0.2 1 

0.2 1 

% 

Short-circuit output current § 

Vref = 0 

10 35 50 

35 

mA 


oscillator section (see Figure 1 ) 


PARAMETER 

TEST CONDITIONS* 

TL494M 

TL493C 

TL494I, TL494C 

TL495C 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Frequency 

Cj = 0.01 nF, R t = 12 kfi 

10 

10 

kHz 

Standard deviation of frequency^ 

All values of Vco Cj, Rj, T A constant 

10 

10 

% 

Frequency change with voltage 

Vcc = 7 V to 40 V, T A = 25 °C 

0.1 

0.1 

% 

Frequency change with temperature 

C T = 0.01 ,iF, R T = 12 kfi, 

AT a = MIN to MAX 

12 

12 

% 


amplifier sections (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Input offset voltage 

Error 

v O (pin 3) = 2.5 V 

2 10 

mV 

current-limit 

(TL493 only) 

80 

Input offset current 

v O (pin 3) = 2.5 V 

25 250 

nA 

Input bias current 

VO (pin 3) = 2.5 V 

0.2 1 

M A 

Common-mode input 
voltage range 

Error 

V CC = 7 V to 40 V 

-0.3 

to 

Vcc -2 

V 

Current-limit 
(TL493 only) 

-0.3 

to 

3 

Open-loop voltage 
amplification 

Error 

AV 0 = 3 V, V 0 = 0.5 V to 3.5 V 

70 95 

dB 

Current-limit 

(TL493 only) 

90 

Unity-gain bandwidth 


800 

kHz 

Common-mode 

rejection ratio 

Error 

V CC = 40 V, T A = 25 °C 

65 80 

dB 

Current-limit 

(TL493 only) 

70 

Output sink current (pin 3) 

V| D = - 1 5 mV to - 5 V, V( pin 3 ) = 0.5 V 

0.3 0.7 

mA 

Output source current (pin 3) 

V, D = 15 mV to 5 V, V (Din 3) = 3.5 V 

-2 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values except for parameter changes with temperature are at T A = 25 °C. 

§ Duration of the short-circuit should not exceed one second. 

^Standard deviation is a measure of the statistical distribution about the mean as derived from the formula a = 


\ 

V N - 1 
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TYPES TL493, TL494, TL495 
PULSE WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, f = 1.0 kHz 
(unless otherwise noted) 


output section 


PARAMETER 

TEST CONDITIONS 

TL494M 

TL493C 

TL494I, TL494C 

TL495C 

UNIT 

MIN TYP* MAX 

MIN TYPt MAX 

Collector off-state current 

Vce = 40 V, V CC = 40 V 

2 100 

2 100 

**A 

Emitter off-state current 

VCC = Vc = 40 V, V E = 0 

-150 

-100 

fiA 

Collector-emitter 
saturation voltage 

Common-emitter 

Ve = 0, |0 = 200 mA 

1.1 1.5 

1.1 1.3 

V 

Emitter-follower 

Vq = 15 V, l E = -200 mA 

1.5 2.5 

1.5 2.5 

Output control input current 

V| = v ref 

3.5 

3.5 

mA 


dead-time control-section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Input bias current (pin 4) 

V| = 0 to 5.25 V 

-2 -10 

m a 

Maximum duty cycle, each output 

V| (pin 4) = 0 

45 

% 

Input threshold voltage (pin 4) 

Zero duty cycle 

3 3.3 

V 

Maximum duty cycle 

0 


pwm comparator section (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP t 

MAX 

UNIT 

Input threshold voltage (pin 3) 

Zero duty cycle 


4 

4.5 

V 

Input sink current (pin 3) 

V(pin 3) = 0.7 V 

0.3 

0.7 


mA 


steering control (TL495 only) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

Input current 

V, = 0.4 V 

-200 

H A 

V, = 2.4 V 

200 


zener-diode circuit (TL495 only) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Breakdown voltage 

V CC = 41 V, l z = 2 mA 

39 

V 

Sink current 

v l(pin 15) = 1 v 

0.3 

mA 


total device (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

Standby supply current 

Pin 6 at V re f, 

V C C = 15 V 

6 

10 

mA 

All other inputs and outputs open 

V C C = 40 V 

9 

15 

Average supply current 

V(pin 4) * 2 V | 

7.5 

mA 


6 


switching characteristics, Ty\ = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

Output voltage rise time 

Common-emitter configuration. 

100 

200 

ns 

Output voltage fall time 

See Figure 3 

25 

100 

ns 

Output voltage rise time 

Emitter-follower configuration. 

100 

200 

ns 

Output voltage fall time 

See Figure 4 

40 

100 

ns 


^ All typical values except for temperature coefficient are at T/\ = 25 °C. 
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Voltage Regulators 


TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 


Vcc = 15 V 


^ 12 kfl 

pT= 

-^rO.OI piF_ 


V CC 


DEAD TIME 

Cl 


El 

FEEDBACK 


Rt 

C2 

ct 

E2 

r’l 

STEERING 


CONTROL 

^amplifiers 

1+1 
( — ) 1 

vz 

OUTPUT 

CONTROL 

REF 

OUTPUT 


GND 

~r 


>150 Q>150 n 
OWS 2 W 


"1 


:} 


TL495 

ONLY 


TEST CIRCUIT 


VOLTAGE 
AT Cl 


VOLTAGE 
AT C2 


i- v CC 


-v C c 


AT C T 


/wmmwmjwm 



FEEDBACK 


DUTY 

CYCLE 


VOLTAGE WAVEFORMS 

FIGURE 1— OPERATIONAL TEST CIRCUIT AND WAVEFORMS 
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TYPES TL493 TL494 TL495 

PULSE WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


AMPLIFIER 



FIGURE 2 - AMPLIFIER CHARACTERISTICS 


15 V 





OUTPUT VOLTAGE WAVEFORM 


FIGURE 3 - COMMON-EMITTER CONFIGURATION 


15 V 





OUTPUT VOLTAGE WAVEFORM 


FIGURE 4 - EMITTER-FOLLOWER CONFIGURATION 
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Voltage Regulators 


TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY and 
FREQUENCY VARIATION* vs 
TIMING RESISTANCE 



Ik 4 k 10 k 40 k 100 k 400 k 1 M 
Rj— Timing Resistance-H 

FIGURE 5 


6 


AMPLIFIER VOLTAGE AMPLIFICATION 


vs 



1 10 100 Ik 10k 1 M 

f— Frequency— Hz 


FIGURE 6 

t Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range. 
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LINEAR 

INTEGRATED CIRCUITS 


• Internal Step-Up Switching Regulator 

• Fixed 9-Volt Output 

• Charges Battery Source During 

T ransformer-Coupled-l nput Operation 


• Minimum External Components Required 
(1 Inductor, 1 Capacitor, 1 Diode) 


• 1- or 2-Cell-Input Operation 


TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 

D2486, AUGUST 1978-REVISED AUGUST 1983 


P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


feedbackII 
f2CC 
INPUT < ICC 

l 


1 U 8 

2 7 

3 6 

4 5 


2 OUTPUT 

Dgnd 

Hsw 

HGND 


Pins 5 and 7 are connected together internally. 


description 

The TL496 power supply control circuit is designed to provide a 9-volt regulated supply from a variety of input 
sources. Operable from a 1- or 2-cell-battery input, the TL496 performs as a switching regulator with the addition of a 
single inductor and filter capacitor. When ac coupled with a step-down transformer, the TL496 operates as a series 
regulator to maintain the regulated output voltage and, with the addition of a single catch diode, time shares to 
recharge the input batteries. 

The design of the TL496 allows minimal supply current drain during stand-by operation (125 juA typical). With most 
battery sources this allows a constant bias to be maintained on the power supply. This makes power instantly available 
to the system thus eliminating power-up sequencing problems. 


functional block diagram 


T INPUT — >f 



(1.5-V) (3) 

1C INPUT 


SWITCHING 

VOLTAGE 

REGULATOR 

CONTROL 


| (5) See Note 1 | (7) 

GND GND 


OUTPUT 


FEEDBACK 


— 

f (6) 


j 

f SWITCH 


N OTE 1 : Pins 5 and 7, though connected together internally, must both be terminated to ground to ensure proper circuit operation. 
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Voltage Regulators 


TYPE TL496C 

9-VOLT POWER-SUPPLY CONTROLLER 


absolute maximum ratings 


Input voltage: 

Pin 2 3.5 V 

Pin 3 ....... 2.5 V 

Pin 4 20 V 

Output voltage (Pin 6) 12 V 

Diode reverse voltage (Pin 8) 12 V 

Switch current (Pin 6) 1.2 A 

Diode current (Pin 8) 1.2 A 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 


electrical characteristics at 25° C free-air temperature 


series regulator section (input is pin 4) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Dropout voltage 

V| = 5 V, l 0 = —50 mA 

1.5 2 

V 

Regulated output voltage 

V| =20 V 

Iq - —50 juA 

9.5 10.1 11.2 

V 

• O = “80 mA 

9.0 10.0 11.0 

V| =20 V, 

Pin 1 shorted to pin 8 

1(3 = —50 juA 

8.5 9.0 9.7 

Iq = —80 mA 

6.7 8.6 9.5 

Standby current (pin 4) 

V| = 20 V, Pin 8 at 12 V 

400 

mA 

Reverse current thru pin 4 

V|=— 1.5 V, 1 mA into Pin 8 

-25 

mA 


output switch 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

VcE(sat) Collector-emitter saturation voltage 

800 m A into Pin 6, Pin 2 at 2.25 V 

0.35 0.6 

V 


diode (pin 6 to pin 8) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

v F 

Forward voltage 

l F = 1-5 A 

1.6 2.5 

V 

|r 

Reverse current thru pin 6 

Pin 6 at 0 V, 

1 mA into Pin 8 

-20 

juA 


control section 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

On-state current (pin 2) 

Pins 1 and 8 at 0 V, Pin 2 at 3 V 

60 100 

mA 

Standby current (pin 1) 

Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

40 

juA 

Standby current (pin 2 and 6) 

Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

400 

MA 

Start-up current (current into 
pin 6 to initiate cycle) 

Pins 1 , 2, 6 and 8 at 2.25 V 

16 

mA 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 


TYPICAL APPLICATION DATA 


L 


CIRCUIT COMPONENT INFORMATION 

D1 : 1N4001 



FIGURE 1-ONE-CELL OPERATION 

CIRCUIT COMPONENT INFORMATION 

- D1: 1N4001 



FIGURE 2-TWO-CELL OPERATION 


recommended operating conditions 



MIN 

MAX 

UNIT 

Input voltage, one-cell operation (pins 2 and 3 to ground) 

1.1 

1.5 

V 

Input voltage, two-cell operation (pin 2 to ground) 

2.3 

3 

V 

Input voltage, one-cell or two-cell operation (pin 4 to ground) 

Vq+2 

20 

V 


typical electrical characteristics for circuits above 


PARAMETER 

ONE-CELL OPERATION (FIGURE 1) 

TWO-CELL OPERATION (FIGURE 2) 

Input current 

No load 

125 u A 

125 uA 

Rl_ = 120n 

525 mA 

405 mA 

Output voltage 

Without T1 

7.2 V 

8.6 V 

With T1 

8.6 V 

10 V 

Output current capability 

40 mA 

80 mA 

Efficiency 

66% 

66% 

Battery life (AA NiCad) no load 

60 days 

166 days 
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Voltage Regulators 


TYPE TL496C 

9-VOLT POWER-SUPPLY CONTROLLER 


functional description 

The TL496 is designed to operate from either a single-cell or two-cell source. To operate the device from a single cell 
(1.1 V to 1.5 V) the source must be connected to both inputs 1C and 2C as shown in Figure 1. For two-cell operation 
(2.3 V to 3.0 V), the input is applied to the 2C input only and the 1C input is left open (see Figure 2). 

battery operation 

The TL496 operates as a switching regulator from a battery input. The cycle is initiated when a low voltage condition is 
sensed by the internal feedback (the thresholds at pin 1 and pin 8 are approximately 7.2 and 8.6 volts respectively). An 
internal latch is set and the output transistor is turned "on." This causes the current in the external inductor (L) to 
increase linearly until it reaches a peak value of approximately 1 ampere. When the peak current is sensed the internal 
latch is reset and the output transistor is turned "off." The energy developed in the inductor is then delivered to the 
output storage capacitor through the blocking diode. The latch remains in the off state until the feedback signal 
indicates the output voltage is again deficient. 

transformer-coupled operation 

The TL496 operates on alternate half cycles of the ac input during transformer-coupled operation to, first, sustain the 
output voltage and, second, recharge the batteries. The TL496 performs like a series regulator to supply charge to the 
output filter/storage capacitor during the first half cycle. The output voltage of the series regulator is slightly higher 
voltage than that created by the switching circuit; this maintains the feedback voltage above the switching regulator 
control circuit threshold. This effectively inhibits the switching control circuitry. During the second half cycle an 
external diode (1 N4001 ) is used to clamp the negative going end of the transformer secondary to ground thus allowing 
the positive-going end (end connected to V+ side of battery) to pump charge into the stand-by batteries. 
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LINEAR 

INTEGRATED CIRCUITS 


• All Monolithic 

• High Efficiency . . . 60% or Greater 

• Output Current . . . 500 mA 

• Input Current Limit Protection 

• TTL Compatible Inhibit 

• Adjustable Output Voltage 

• Input Regulation . . . 0.2% Typ 

• Output Regulation . . . 0.4% Typ 

• Soft Start-up Capability 


TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


D2225, JUNE 1976-REVISED SEPTEMBER 1983 


TL497AM . . . J 
TL497AI, TL497AC . . . J OR N 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


COMP INPUT 
INHIBIT 
FREQ CONTROL 
SUBSTRATE 
GND 
CATHODE 
ANODE 


J v C c 

3 CUR LIM SENS 
3 BASE DRIVE* 
3 BASE* 

3 COL OUT 
3 NC 

3 emit out 


□ i Ul4| 

C2 

C 3 
C4 

Cs 
C6 
h 


NC — No internal connection 


* The Base pin ( # 1 1 ) and Base Drive pin ( # 1 2 ) are used for device testing 
only. They are not normally used in circuit applications of the device. 


description 

The TLC497A incorporates on a single monolithic chip all the active functions required in the construction of a switching 
voltage regulator. It can also be used as the control element to drive external components for high-power-output 
applications. The TL497A was designed for ease of use in step-up, step-down, or voltage inversion applications requiring 
high efficiency. 

The TL497A is a fixed-on-time variable-frequency switching voltage regulator control circuit. The on-time is 
programmed by a single external capacitor connected between the frequency control pin and ground. This capacitor, 
Cj, is charged by an internal constant-current generator to a predetermined threshold. The charging current and the 
threshold vary proportionally with Vcc* thus the one time remains constant over the specified range of input voltage 
(5 to 12 volts). Typical on-times for various values of Cj are as follows: 


TIMING CAPACITOR, Cj (pF) 

200 

250 

350 

400 

500 

750 

1000 

1500 

2000 

ON-TIME (jus) 

19 

22 

26 

32 

44 

56 

80 

120 

180 


The output voltage is controlled by an external resistor ladder network (R1 and R2 in Figures 1, 2, and 3) that provides 
a feedback voltage to the comparator input. This feedback voltage is compared to the reference voltage of 1.2 volts 
(relative to the substrate pin) by the high-gain comparator. When the output voltage decays below the value required to 
maintain 1.2 V at the comparator input, the comparator enables the oscillator circuit, which charges and discharges Cj 
as described above. The internal pass transistor is driven on during the charging of Cf- The internal transistor may be 
used directly for switching currents up to 500 milliamperes. Its collector and emitter are uncommitted and it is current 
driven to allow operation from the positive supply voltage or ground. An internal Schottky diode matched to the 
current characteristics of the internal transistor is also available for blocking or commutating purposes. The TL497A 
also has on-chip current-limit circuitry that senses the peak currents in the switching regulator and protects the inductor 
against saturation and the pass transistor against overstress. The current limit is adjustable and is programmed by a 
single sense resistor, RcL» connected between pin 14 and pin 13. The current-limit circuitry is activated when 0.7 volt 
is developed across RcL- External gating is provided by the inhibit input. When the inhibit input is high, the output is 
turned off. 



Simplicity of design is a primary feature of the TL497A. With only six external components (three resistors, two 
capacitors, and one inductor), the TL497A will operate in numerous voltage conversion applications (step-up, step- 
down, invert) with as much as 85% of the source power delivered to the load. The TL497A replaces the TL497 in all 
applications. 

The TL497AM is characterized for operation over the full military temperature range of — 55° C to 125°C, the TL497AI 
is characterized for operation from — 25° C to 85° C, and the TL497AC from 0°C to 70°C. 
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Voltage Regulators 


TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 



t 


The Base pin (#11 and Base Drive pin (#12) are used for device testing only. They are not normally used in circuit applications of the device. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Input voltage, Vcc < see Note 1) 15 V 

Output voltage 35 V 

Comparator input voltage 5 V 

Inhibit input voltage 5 V 

Diode reverse voltage 35 V 

Power switch current 750 mA 

Diode forward current 750 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 1000 mW 

Operating free-air temperature range: TL497AM — 55° C to 125°C 

TL497AI — 25°C to 85°C 

TL497AC 0°C to 70°C 

Storage temperature range — 65° C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 C 

NOTES: 1 . All voltage values except diode voltages are with respect to network ground terminal. 


2. Above 28 °C free-air temperature, derate the N package at the rate of 9.2 mW/°C. Above 41 °C free-air temperature, derate the J glass-mounted 
package at the rate of 8.2 mW/°C. Above 59 °C free-air temperature, derate the J alloy-mounted package at the rate of 1 1 .0 mW/°C. In the 
J package, TL4974AM chips are alloy mounted, TL4974AC chips are glass mounted. 


recommended operating conditions 

MIN MAX UNIT 

Input voltage, V | 4.5 12 V 

Output voltage: step-up configuration (see Figure 1 ) V| + 2 30 V 

step-down configuration (see Figure 2) . . V re f V | — 1 V 

inverting regulator (see Figure 3) — V re f —25 V 

Power switch current 500 mA 

Diode forward current 500 mA 
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TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


electrical characteristics at specified free-air temperature, V| = 6 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS'*" 

TL497AM, TL497AI 

TL497AC 

UNIT 

MIN TYP± MAX 

MIN TYPt MAX 

High-level inhibit input voltage 


25° C 

2.5 

2.5 

V 

Low-level inhibit input voltage 


25° C 

0.8 

0.8 

V 

High-level inhibit input current 

V|(|) = 5 V 

Full range 

0.8 1.5 

0.8 1.5 

mA 

Low-level inhibit input current 

V|(|) = 0V 

Full range 

5 20 

5 10 

M A 

Comparator reference voltage 

V| =4.5 V to 6 V 

Full range 

1.14 1.20 1.26 

1.08 1.20 1.32 

V 

Comparator input bias current 

V, = 6 V 

Full range 

40 100 

40 100 

mA 

Switch on-state voltage 

V| =4.5 V 

lO = 100 mA 

25° C 

0.13 0.2 

0.13 0.2 

V 

Iq = 500 mA 

Full range 

1 

0.85 

Switch off-state current 

V|=4.5V„ V 0 = 30 V 

25° C 

10 50 

10 50 

mA 

Full range 

500 

200 

Current-limit sense voltage 

V, = 6 V 

25° C 

0.45 1 

0.45 1 

V 

Diode forward voltage 

lO = 10 mA 

Full range 

0.75 0.95 

0.75 0.85 

V 

lO = 100 mA 

Full range 

0.9 1.1 

0.9 1 

Iq = 500 mA 

Full range 

1.33 1.75 

1.33 1.55 

Diode reverse voltage 

lO = 500 juA 

Full range 

30 


V 

Iq = 200 mA 

Full range 


30 

On-state supply current 


25° C 

11 14 

11 14 

mA 

Full range 

16 

15 

Off-state supply current 


25° C 

6 9 

6 9 

mA 

Full range 

11 

10 


1 Full range for TL497AM is -55°C to 125°C, for TL497AI is -25°C to 85° C, and for TL497AC is 0°C to 70°C. 
t All typical values are at = 25°C. 
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TYPES TL497AM, TL497AI, TL497AC, 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 



BASIC CONFIGURATION 
(IpK < 500 mA) 



EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 


DESIGN EQUATIONS 


IpK = 2 Iq max 


• L (/iH) = — t on (/is) 

Choose L (50 to 500 /iH), calculate 
t on (25 to 1 50 /is) 

• Cj(pF) « 12 t on (/is) 

• R1 = (Vq - 1.2) ktt 


Cf (/I F) «« t on (/is) 


‘ V| 

— lp K + lO 
Vo 

ton(ps) J= = . 


Vripple (PK) 


FIGURE 1-POSITIVE REGULATOR, STEP-UP CONFIGURATIONS 



BASIC CONFIGURATION 
IpK < 500 mA) 



DESIGN EQUATIONS 


• Ipk = 2 lo max 

V| - Vq 

• L (/iH) = t on (/is) 

'PK 

Choose L (50 to 500 /iH), calculate 
t 0 n (10 to 150 /is) 

• Cj(pF) « 12 t on (jus) 

• R1 = (Vq — 1.2) k n 


CF(MF)«t on (Ms) L^' PK + '° 
Vripple (PK) 


EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 


FIGURE 2-POSITIVE REGULATOR, STEP-DOWN CONFIGURATIONS 
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TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 



BASIC CONFIGURATION 
(IpK < 500 mA) 


• lp« = 2 Iq max 


IVpl 

V| 


V, 

• L (juH) = — t on ( ms) 
IPK 


Choose L (50 to 500 juH), calculate 
t 0 n (25 to 150 /is) 

• Cj(pF) « 12 t on (jus) 



(USING EXTERNAL TRANSISTOR) 


• R2 = (V 0 — 1 .2) k!2 
0.5 V 


r CL = 


IPK 


Cf (mF) «t on (/is) 


V| 

Lvo 


IPK + lO 


Vripple (PK) 


*Use external catch-diode, e.g., 1N4001, when building an 
inverting supply with the TL497A. 


FIGURE 3— INVERTING APPLICATIONS 



EXTENDED INPUT CONFIGURATION WITHOUT CURRENT LIMIT 



DESIGN EQUATIONS 
VbE(QI) 


r cl = 


'limit (PK) 


V| 

m = 

'B(Q2) 


R2 = (V reg — 1 ) 10 



CURRENT LIMIT FOR EXTENDED INPUT CONFIGURATION 

FIGURE 4— EXTENDED INPUT VOLTAGE RANGE (V| > 15 V) 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Internal Step-Up Switching Regulator 

• Adjustable Output Voltage 

• 1.1 -Volt to 25- Volt Input Switching 
Operation 

• Thermal Protection During Switching 
Operation 


• Externally Controlled Switching Current 


• No External Rectifier Required 


TYPE TL499C 

WIDE-RANGE POWER SUPPLY CONTROLLER 

D2762, JANUARY 1984 


JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


LINE INPUT C 
REF C 
BACKUP INPUT C 
CURR CONT C 



H OUTPUT 
I] EMIT 

Dcol 

Ugnd 


description 

The TL499C is a monolithic integrated circuit designed to provide regulated supply voltages. The regulated 
voltage can be set to any value between 2.9 volts and 30 volts by adjusting two external resistors. 

When the TL499C is ac coupled to line power through a step-down transformer, it operates as a series 
dc voltage regulator to maintain the regulated output voltage. With the addition of a backup battery of 
from 1.1 volts to 25 volts, an inductor, a filter capacitor, and two resistors, the TL499C will operate as 
a step-up switching regulator during an ac line failure. 

The adjustable regulated output voltage makes the TL499C useful for a wide range of applications. Providing 
backup power during an ac line failure makes the TL499 extremely useful as backup power in microprocessor 
memory applications. 

The TL499C is characterized for operation from -20°C to 85 °C. 



PRODUCT PREVIEW 

This document contains information on a product under 
6-124 development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL580C 

MICROPOWER DUAL SWITCHING REGULATOR 


D2723, MARCH 1983 


High Efficiency . . . 80% Typ 
Low Bias Current ... 140 /aA 

Two Channels, Each with Output Voltage Adjustment 
Channel A: Output Voltage 2.5 V to 24 V 
Output Current 100 mA 
Channel B: Output Voltage 2.5 V to 24 V 
Output Current 1 .8 mA 

Special Multifunctional Operation-Select Pin 


DUAL-IN-LINE PACKAGE 


INPUT B[ 

CT E 

OUTPUT A [ 
GND[ 


8 J OUTPUT B 
7 H INPUT A 
6 U SYNC B 


description 

The TL580 is a monolithic, micropower, dual-switching regulator designed for use in battery applications. The output 
voltage of each channel is adjustable. Floating the special pin, SYNC B, causes Channel B to be synchronized to the 
oscillator in the same manner as Channel A. Shorting SYNC B to ground blocks the oscillator from Channel B, then 
Channel B becomes a single-input comparator for low-battery indicator detection. 

Both Channel A and Channel B are referenced to a band-gap generator. An external capacitor on the Cj input (Pin 2) 
sets the oscillator frequency between 100 hertz and 160 kilohertz. 

The TL580C can attain up to 80-percent efficiency while operating over a supply voltage range of 2.4 volts to 30 volts 
at an ultralow bias current of 140 microamperes. 

The TL580C is characterized for operation from 0°C to 70 °C. 
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6-126 



LINEAR 

INTEGRATED 

CIRCUITS 

• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink or 
Source Current 

• Output Control Selects Single-Ended or 
Push-Pull Operation 


• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 


TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

D2712, APRIL 1983-REVISED DECEMBER 1983 


TL593M . . . J 
TL593C . . . N 


ERROR 

AMP 


dr / i' 

1 l 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


r tC 

gndC 

ciC 


1 


2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8_ 

9 


H noninv input 

UlNV INPUT 
H REF OUT 


} 


CURRENT 
LIMIT AMP 


• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1% 

• Circuit Architecture Allows Easy 
Synchronization 

• Under-Voltage Lockout for Low Vqc 
C onditions 

• TL593 has Output Current-Limit Sensing 

• TL595 has On-Chip 39-V Zener and External 
Control of Output Steering 

• Improved Direct Replacements for TL493, 
TL494, and TL495 


TL594M . . . J 
TL594I, TL594C . . . J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


ERROR f NONINV INPUTC 
AMP 1 / INV INPUTC 
FEEDBACK^ 
DEAD-TIME CONTROL^ 

ctC 
r tC < 
gndC 
ciD 


T77 


^NONINV INPUt/ ERROR 
15HINV INPUT J AMP 2 
14 HREF OUT 
13 Houtput CONTROL 
12 H v cc 

11 H C2 
10 HE2 
9 HE1 


TL595C . . . N 

DUAL-IN-LINE PACKAGE (TOP VIEW) 


description 

The TL593, TL594, and TL595 devices, each 
incorporate on a single monolithic chip all the functions 
required in the construction of a pulse-width- 
modulation control circuit. Designed primarily for 
power supply control, these devices offer the systems 
engineer the flexibility to tailor the power supply 
control circuitry to his application. The TL593, TL594, 
and TL595 are improved direct replacements for the 
TL493, TL494, and TL495. 


f NONINV INPUT [1 


error/ 

AMP 1 X INV INPUTC 

feedbackC 

DEAD-TIME CONTROLC 

ctC 

RtC 

gndC 

cic 

E 1 Q 


1 Ul8 H NONINV input/ ERROR 
17 HlNV INPUT J AMP 2 

16 Href out 
15 H v z 

14 H OUTPUT CONTROL 
13 H STEERING INPUT 

12 H v cc 

8 1 1 H C2 

9 10HE2 


DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 


The TL593 contains an error amplifier, current-limiting 
amplifier, an on-chip adjustable oscillator, a dead-time 
control comparator, pulse-steering control flip-flop, 
5-volt regulator with a precision of 1%, an under- 
voltage lockout control circuit, and output control 
circuitry. 



TL593 

TL594 

TL595 

TL59-M 

J 

J 

* 

TL59-I 

* 

J,N 

* 

TL59-C 

N 

J,N 

N 


These combinations are not defined by this data sheet. 


The error amplifier exhibits a common-mode voltage 
range from - 0.3 volts to Vcc ~ 2 volts. The current- 
limit amplifier exhibits a common-mode voltage range 
from -0.3 volts to Vcc volts with an offset 
voltage of approximately 80 millivolts in series with 
the inverting input to ease circuit design requirements. 

The dead-time control comparator has a fixed offset 
that provides approximately 5% dead time when 
externally altered. The on-chip oscillator may be 
bypassed by terminating Rj (pin 6) to„the reference 
output and providing a sawtooth input to Cy 
(pin 5), or it may be used to drive the common circuitry 
in synchronous multiple-rail power supplies. 

Copyright © 1983 by Texas Instruments Incorporated 


FUNCTION TABLE 


INPUTS 

OUTPUT FUNCTION 

OUTPUT 

CONTROL 

STEERING 

INPUT 

(TL595 only) 

V| < 0.4 V 
V| > 2.4 V 
V| > 2.4 V 
V| > 2.4 V 

Open 

Open 

V, < 0.4 V 

V| > 2.4 V 

Single ended or parallel output 
Normal push-pull operation 
PWM Output at Q! 

PWM Output at Q2 
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Voltage Regulators 


TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


description (continued) 

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each device 
provides for push-pull or single-ended output operation with selection by means of the output-control function. The 
architecture of these devices prohibits the possibility of either output being pulsed twice during push-pull operation. 
The under-voltage lockout control circuit locks the outputs off until the internal circuitry is operational. 

The TL593 and TL594 are similar except that an additional error amplifier is included in the TL594 instead of a current- 
limiting amplifier. The TL595 provides the identical functions found in the TL594. In addition, the TL595 also contains 
an on-chip 39-volt zener diode for high-voltage applications where Vcc is greater than 40 volts, and an output steering 
control that overrides the internal control of the pulse-steering flip-flop. 

The TL593M and TL594M are characterized for operation over the full military temperature range from -55°C to 
125°C. The TL594I is characterized for operation from -25°C to 85 °C. The TL593C, TL594C, and TL595C are 
characterized for operation from 0°C to 70 °C. 


functional block diagram 



r t . 


OSCILLATOR 


r STEERING INPUT ^ OUTPUT CONTROL 

TL595 ONLY I (SEE FUNCTION TABLE) 
I (SEE FUNCTION TABLE) | 

L I 1 I 



ERROR AMPLIFIER 


NONINVERTING I 
INPUT | 

INVERTING _L 
INPUT 




L TL594 AND_TL595 

I currentT-lm iT 

NONINVERTING 1 AMPLIFIER |S^ I 

INPUT T J 0 :08 V fXJ 

INVERTING J .1 J / 

INPUT “j 'I 1/ | 

[ TL593_ONLY J 

FEEDBACK 




Vz 



1 

1 


1 

1 


UNDER VOLTAGE 

rv. LOCKOUT 
x CONTROL 

-j- 


Cl 


El 

C2 

E2 


vcc 


VREF 

GND 
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TYPES TL593, TL594, TL595 
PULSE WIDTH MODULATION CONTROL CIRCUITS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TL593M 

TL594M 

TL594I 

TL593C 

TL594C 

TL595C 

UNIT 

Supply voltage, VqC ( see Note 1 ) 

41 

41 

41 

V 

Amplifier input voltages 

Vcc + 0.3 

Vcc + 0.3 

Vcc + 0.3 

V 

Collector output voltage 

41 

41 

41 

V 

Collector output current 

250 

250 

250 

mA 

Continuous total dissipation at (or below) 

25 °C free-air temperature (see Note 2) 

1000 

1000 

1000 

mW 

Operating free-air temperature range 

-55 to 125 

-25 to 85 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 

300 

300 

300 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 


260 

260 

°C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table. In the J package, the TL593M and TL594M chips are alloy 
mounted; TL594I and TL594C chips are glass mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

J (Alloy-Mounted Chip) 

1 000 mW 

11.0 mW/°C 

59 °C 

J (Glass-Mounted Chip) 

1 000 mW 

8.2 mW/°C 

28 °C 

N 

1000 mW 

9.2 mW 

41 °C 


recommended operating conditions 



TL593M 

TL594M 

TL594I 

TL593C 

TL594C 

TL595C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Supply voltage, Vcc 

7 40 

7 40 

7 40 

V 

Amplifier input voltages, V| 

- 0.3 V CC -2 

- 0.3 v cc -2 

- 0.3 v cc -2 

V 

Collector output voltage, Vq 

40 

40 

40 

V 

Collector output current (each transistor) 

200 

200 

200 

mA 

Current into feedback terminal 

0.3 

0.3 

0.3 

mA 

Timing capacitor, Cj 

0.47 10 000 

0.47 10 000 

0.47 10 000 

nF 

Timing resistor, Rj 

1.8 500 

1 .8 500 

1 .8 500 

kfi 

Oscillator frequency 

1 300 

1 300 

1 300 

kHz 

Operating free-air temperature, Ta 

-55 125 

-25 85 

0 70 

°C 
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TYPES TL593, TL594, TL595 

PULSE -WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, f = 10 kHz 
(unless otherwise noted) 


reference section 


PARAMETER 


TEST CONDITIONS* 

TL593M 

TL594M 

TL593C 

TL594I, TL594C 

TL595C 

UNIT 





MIN 

TYP* 

MAX 

MIN 

TYP* 

MAX 


Output voltage (V re f) 

l 0 = i 

mA, 

T A = 25 °C 

4.95 

5 

5.05 

4.95 

5 

5.05 

V 

Input regulation 

V CC = 

7 V to 40 V, 

T A = 25 °C 


2 

25 


2 

25 

mV 

Output regulation 

lo = 1 

to 10 mA, 

T A = 25 °C 


14 

35 


14 

35 

mV 

Output voltage change 
with temperature 

at a = 

MIN to MAX 


0.2 1 


0.2 

1 

% 

Short-circuit output current § 

V re f = 

0 


10 

35 

60 

10 

35 

50 

mA 


oscillator section (see Figure 2) 


PARAMETER 

TEST CONDITIONS* 

TL593M 

TL594M 

TL593C 

TL594I, TL594C 

TL595C 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Frequency 


10 

10 

kHz 

Standard deviation of frequency^ 

All values of VqC' Cf, RT' t A constant 

10 

10 

% 

Frequency change with voltage 

Vcc = 7 V to 40 V, T A = 25 °C 

0.1 

0.1 

% 

Frequency change with temperature 

AT A = MIN to MAX 

12 

12 

% 


amplifier sections (see Figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Input offset voltage 

Error 

Feedback pin at 2.5 V 

2 10 

mV 

current-limit 

(TL593 only) 

80 

Input offset current 

Feedback control at 2.5 V 

25 250 

nA 

Input bias current 

Feedback control at 2.5 V 

0.2 1 

#*a 

Common-mode input 
voltage range 

Error 

Vcc = 7 V to 40 V 

-0.3 

to 

Vcc -2 

V 

Current-limit 

(TL593 only) 

-0.3 

to 

V C C “6 

Open-loop voltage 
amplification 

Error 

AVq = 3 V, V 0 = 0.5 V to 3.5 V 

70 95 

dB 

Current-limit 
(TL593 only) 

90 

Unity-gain bandwidth 


800 

kHz 

Common-mode 

rejection ratio 

Error 

V cc = 40 V, T a = 25 °C 

65 80 

dB 

Current-limit 

(TL593 only) 

70 

Output sink current (pin 3) 

V|D = mV to -5 V, Feedback control at 0.5 V 

0.3 0.7 

mA 

Output source current (pin 3) 

V| D = 15 mV to 5 V, Feedback at 3.5 V 

-2 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*AII typical values except for parameter changes with temperature are at T A = 25 °C. 

§ Duration of the short-circuit should not exceed one second. n=1 

1 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula a ~ 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V, f = 10 kHz 
(unless otherwise noted) 


dead-time control section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

Input bias current (pin 4) 

V| = 0 to 5.25 V 

-2 

-10 

/*A 

Maximum duty cycle, each output 

Dead-time control at 0 V 

45 

% 

Input threshold voltage (pin 4) 

Zero duty cycle 

3 

3.3 

v 

Maximum duty cycle 

0 



output section 


PARAMETER 

TEST CONDITIONS 

TL593M 

TL594M 

TL593C 

TL594I, TL594C 

TL595C 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

Collector off-state current 

V CE = 40 V, V CC = 40 V 

2 100 

2 100 

fiA 

V C = 15 V, V E = 0 V, 

V C c = 1 to 3 V, 

Dead-time and output control pins at 0 V 

4 200 

4 200 

Emitter off-state current 

V CC = V C = 40 V, V E = 0 

-150 

-100 

HA 

Collector-emitter 

Common-emitter 

V E = 0, lc = 200 mA 

1.1 1.5 

1.1 1.3 

v 

saturation voltage 

Emitter-follower 

V C = 15 V, l E = -200 mA 

1.5 2.5 

1.5 2.5 


Output control input current 

'oj 

> 

ll 

>“ 

3.5 

3.5 

mA 


pwm comparator section (see Figure 2) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP* MAX 

UNIT 

Input threshold voltage (pin 3) 

Zero duty cycle 

4 4.5 

V 

Input sink current (pin 3) 

V(p in 3) = 0.5 V 

0.3 

0.7 

mA 


under-voltage lockout section (see Figure 2) 


PARAMETER 

TEST CONDITIONS* 

TL593M 

TL594M 

TL593C 

TL594I, TL594C 

TL595C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Threshold voltage 

T a = 25 °C 

6 

6 

V 

AT A = MIN to MAX 

3 6.9 

3.5 6.9 

Hysteresis 1 


30 

100 

mV 


total device (see Figure 2) 


PARAMETER 

TEST CONDITIONS | 

MIN TYP* 

MAX 

UNIT 

Standby supply current 

Pin 6 at V re f, 

All other inputs 
and outputs open 

V C C = 15 V 

9 

15 

mA 

V C C = 40 V 

11 

18 

Average supply current 

Dead-time Control at 2 V, 

See Figure 2 

12.4 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*AII typical values except for parameter changes with temperature are at T A = 25 °C. 

| Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 
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Voltage Regulators 


TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


switching characteristics, Ta = 25 °C 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

Output voltage rise time 

Common-emitter configuration, 

100 

200 • 

ns 

Output voltage fall time 

See Figure 3 

30 

100 

Output voltage rise time 

Emitter-follower configuration. 

200 

400 

ns 

Output voltage fall time 

See Figure 4 

45 

100 


*AII typical values are at T/^ = 25 °C. 


PARAMETER MEASUREMENT INFORMATION 


AMPLIFIER 



FEEDBACK 

TERMINAL 


FIGURE 1 - AMPLIFIER CHARACTERISTICS 


6 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 

Vcc = 15 V 


TEST 

INPUTS 


c 

-=r-0.01 /if 


v cc 


O 1 

El 

FEEDBACK 


Rt 

C2 

ct 

E2 


STEERING 

(A 

CONTROL 

> AMPLIFIERS 



( -)J 

REF 

OUTPUT 

OUTPUT 

CONTROL 


GND 



>150 1 50 Q 

< 2 W S 2 W 


"X 


Nh 

N)J 


TL595 

ONLY 


TEST CIRCUIT 


VOLTAGE 
AT Cl 


VOLTAGE 
AT C2 



-V C C 


VOLTAGE 
AT C T 


/wmmmMm 



VOLTAGE WAVEFORMS 

FIGURE 2— OPERATIONAL TEST CIRCUIT AND WAVEFORMS 
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Voltage Regulators 


TYPES TL593, TL594, TL595 

PULSE WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 

15 V 




TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 3-COMMON-EMITTER CONFIGURATION 



15 V 




TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 4-EMITTER-FOLLOWER CONFIGURATION 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


TYPICAL CHARACTERISTICS 

OSCILLATOR FREQUENCY and 
FREQUENCY VARIATIONt vs 



Ik 4 k 10 k 40 k 100 k 400 k 1 M 
Rj— Timing Resistance-12 

FIGURE 5 


AMPLIFIER VOLTAGE AMPLIFICATION 


vs 



1 10 100 Ik 10k 1 M 

f— Frequency— Hz 


FIGURE 6 


6 


"'"Frequency variation (Af) is the change in oscillator frequency that occurs over the fuil temperature range. 
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Voltage Regulators 
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I LINEAR 
INTEGRATED 
CIRCUITS 


SERIES TL780 
POSITIVE VOLTAGE REGULATORS 

D2643, APRIL 1981 


• ±1% Output tolerance at 25° C 

• ±2% Output Tolerance Over Full Operating 
Range 

• Thermal Shutdown 

• Internal Short-Circuit Current Limiting 


NOMINAL 


OUTPUT 

REGULATOR 

VOLTAGE 


5 V 

TL780-05C 

12 V 

TL780-12C 

15 V 

TL780-15C 


• Pinout Identical to uA7800 Series 

• Improved Version of uA7800 Series 

description 

Each fixed-voltage precision regulator in this series 
is capable of supplying 1.5 amperes of load current. 
A unique temperature-compensation technique 
coupled with an internally trimmed bandgap reference 
has resulted in improved accuracy when compared 
to other three-terminal regulators. Advanced layout 
techniques provide excellent line, load, and thermal 
regulation. The internal current limiting and thermal 
shutdown features make the devices essentially 
immune to overload. 

schematic 


KC PACKAGE 


(TOP VIEW) 


P 



OUTPUT 

CUMMON 

INPUT 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 
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Voltage Regulators 


SERIES TL780 

POSITIVE VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input voltage 35 V 

Continuous total dissipation at 25°C free-air temperature (see Note 1 ) „. . . 2 W 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) . 15 W 

Operating free-air, case, or virtual junction temperature range 0 to 150°C 

Storage temperature range — 65 to 1 50° C 

Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 260°C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



CASE TEMPERATURE 



25 50 75 100 125 150 

Tq— C ase Temperature— °C 


FIGURE 1 


FIGURE 2 


recommended operating conditions 



MIN 

MAX 

UNIT 

! 

TL780-05C 

7 

25 


Input voltage, V| 

TL780-12C 

14.5 

30 

V 


TL780-1 5C 

17.5 

30 


Output current, Iq 

Hi 

A 

Operating virtual junction temperature, Tj 

0 


°C 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 


TL780-05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP 

MAX 

UNIT 

Output voltage 

IO = 5mAto 1 A, P<15W 

25° C 

4.95 5 

5.05 


V| * 7 V to 20 V 

0°C to 125°C 

4.9 

5.1 


Input regulation 

V| = 7 V to 25 V 

25° C 

0.5 

5 

mV 

V| = 8 Vto 12 V 

0.5 

5 

Ripple rejection 

V| = 8 V to 18 V, f = 1 20 Hz 

0°C to 125°C 

70 85 

dB 

Output regulation 

1(3 = 5 mA to 1.5 A 

25° C 

4 

25 

mV 

1(3 = 250 mA to 750 mA 

1.5 

15 

Output resistance 

f = 1 kHz 

0°C to 1 25° C 

0.0035 

n, 

Temperature coefficient 

of output voltage 

1(3 = 5 mA 

0°C to 125°C 

0.25 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

75 

MV 

Dropout voltage 

<0 = 1 A 

25° C 

2 

V 

Bias current 


25° C 

5 

8 

mA 

Bias current change 

V| = 7 V to 25 V 

0°C to 125°C 

0.7 

1.3 

mA 

Iq = 5 mA to 1 A 

0.03 

0.5 

Short-circuit output current 

V| = 35 V 

25° C 

750 

mA 

Peak output current 


25° C 

2.2 

A 


TL780-12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP 

MAX 

UNIT 

Output voltage 

1(3 = 5 mA to 1 A, P<15W 

25° C 

11.88 12 

12.12 

V 

V| = 14.5 Vto 27 V 

0°C to 1 25° C 

11.76 

12.24 

Input regulation 

V| = 14.5 Vto 30 V 

25° C 

1.2 

12 

mV 

V| = 16 V to 22 V 

1.2 

12 

Ripple rejection 

V| = 1 5 V to 25 V f= 120 Hz 

0°C to 125°C 

65 80 

dB 

Output regulation 

1(3 = 5 mA to 1.5 A 

25° C 

6.5 

60 

mV 

1(3 = 250 mA to 750 mA 

2.5 

36 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.0035 

n 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

0°C to 1 25° C 

0.6 

mV/° C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

180 

MV 

Dropout voltage 

l 0 = 1 A 

25° C 

2 

V 

Bias current 


25° C 

5.5 

8 

mA 

Bias current change 

V| - 14.5 V to 30 V 

0°C to 1 25° C 

0.4 

1.3 

mA 

Iq = 5 mA to 1 A 

0.03 

0.5 

Short-circuit output current 

V| = 35 V 

25° C 

350 

mA 

Peak output current 


25° C 

2.2 

A 


* All characteristics are measured with a capacitor across the input of 0.33 /uF and a capacitor across the output of 0.22 mF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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Voltage Regulators 


SERIES TL780 

POSITIVE VOLTAGE REGULATORS 


TL780-15C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP 

MAX 

UNIT 

Output voltage 

lO = 5 mA to 1 A, P< 15 W 

25° C 

14.85 15 

15.15 

V 

V| = 17.5 V to 30 V 

0°C to 125°C 

14.7 

15.3 

Input regulation 

V | = 17.5 V to 30 V 

25° C 

1.5 

15 

mV 

V | = 20 V to 26 V 

1.5 

15 

Ripple rejection 

V| = 18.5 V to 28.5 V f=120Hz 

0°C to 125°C 

60 75 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25° C 

7 

75 


l<3 = 250 mA to 750 mA 

2.5 

45 

mV 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.0035 

ft 

Temperature coefficient 
of output voltage 

lO = 5 mA 

0°C to 125°C 

0.62 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

225 

MV 

Dropout voltage 

l 0 = 1 A 

25° C 

2 

V 

Bias current 


25° C 

5.5 

8 

mA 

Bias current change 

V| = 17.5 V to 30 V 

0°C to 1 25° C 

0.4 

1.3 

mA 

1(3 ~ 5 mA to 1 A 

0.02 

0.5 

Short-circuit output current 

V| =35 V 

25° C 

230 

mA 

Peak output current 


25° C 

2.2 

A 


^ A 1 1 characteristics are measured with a capacitor across the input of 0.33 jitF and a capacitor across the output of 0.22 /uF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 


TYPICAL APPLICATION DATA 




*C1 required If regulator is far from power supply filter. 

*C2 not required for stability, however transient response is improved 
§ Permanent damage can occur if output is pulled below ground. 
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LINEAR TYPE TL783C 

INTEGRATED HIGH-VOLTAGE ADJUSTABLE REGULATOR 

CIRCUITS D2659, SEPTEMBER 1981 -REVISED JANUARY 1983 

• Output Adjustable From 1.25 V To 
125-Volt 

• 700 m A Output Current 

• Full Short-Circuit, Safe-Operating-Area, and 
Thermal Shutdown Protection 

• 0.001 %/V Typical Input Regulation 

• 0.15% Typical Output Regulation 

• 76 dB Typical Ripple Rejection 

• Standard TO-220AB Package 

description 

The TL783 is an adjustable 3-terminal positive-voltage regulator with an output range of 1.25 volts to 125 volts and a 
DMOS output transistor capable of sourcing more than 700 milliamperes. It is designed for use in high-voltage applica- 
tions where standard bipolar regulators cannot be used. Excellent performance specifications . . . superior to those 
of most bipolar regulators . . . are achieved through circuit design and advanced layout techniques. 

As a state-of-the-art regulator, the TL783 combines standard bipolar circuitry with high-voltage double-diffused MOS 
transistors on one chip to yield a device capable of withstanding voltages far higher than standard bipolar integrated 
circuits. Because of its lack of secondary breakdown and thermal runaway characteristics usually associated with bipolar 
outputs, the TL783 maintains full overload protection while operating at up to 125 volts from input to output. Other 
features of the device include current limiting, safe-operating-area (SOA) protection, and thermal shutdown. Even if 
the adjustment pin is inadvertently disconnected, the protection circuitry remains functional. 

Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary only 
when the regulator is situated far from the input filter. An output capacitor, although not required, will improve 
transient response and protection from instantaneous output short-circuits. Excellent ripple rejection can be achieved 
without a bypass capacitor at the adjustment terminal. 

functional block diagram 
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Voltage Regulators 


TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage, V| — Vo 125 V 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1) 2W 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 20 W 

Operating free-air, case, or virtual junction temperature range 0 C to 1 50 C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds . 260 C 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual dvice electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 



25 50 75 100 125 150 


T/\— Free- Air Temperature— °C 


CASE TEMPERATURE 
DISSIPATION DERATING CURVES 



FIGURE 1 


FIGURE 2 


recommended operating conditions 



Input-to-output voltage differential, V| — Vo 

Output current, lo 

Operating virtual junction temperature, T j 


MIN 

MAX 

UNIT 


125 

V 

15 

700 

mA 

0 

125 

°C 
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TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


electrical characteristics at V| - Vq = 25 V, Iq = 0.5 A, Tj = 0°C to 125°C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 " 

MIN 

TYP 

MAX 

UNIT 

Input regulationt 

V| -V O = 20 Vto 125 V 

Tj = 25° C 


0.001 

0.01 

%/V 

Tj = 0°C to 1 25° C 


0.004 

0.02 

Ripple rejection 

A V|(p- P ) = iov, 

Vq = 10 V, 

f = 1 20 Hz 

66 

76 


dB 


Iq = 1 5 mA to 700 mA, 

Tj = 25° C 

Vq < 5 V 


7.5 

25 

mV 

Output regulation 

V 0 > 5 V 


0.15 

0.5 

% 

Iq = 15 mA to 700 mA 

V 0 < 5 V 


20 

70 

mV 


V 0 >5V 


0.3 

1.5 

% 

Output voltage change 

with temperature 


0.4 

% 

Output voltage 

long-term drift 

1000 h at Tj = 1 25° C, 

See Note 2 

V, - V 0 = 125 V, 


0.2 

% 

Output noise voltage 

f = 10 Hz to 10 kHz, 

Tj = 25° C 


0.003 

% 

Minimum output current 

to maintain regulation 

V| — V 0 = 125 V 

15 

mA 


V| — V 0 = 25 V, 

t = 1 ms 


1100 


Peak output current 

< 

1 

< 

O 

CJI 

< 

t = 30 ms 


715 

mA 

V| - Vq = 25 V, 

t = 30 ms 


700 

900 



V| - Vq = 125 V, 

t = 30 ms 


100 

250 



Adjustment-terminal 

current 



83 

110 

mA 

Change in adjustment- 

terminal current 

V, - V 0 = 15 Vto 125 V, 

Iq = 15 mA to 700 mA, 

P < rated dissipation 


0.5 

5 

M A 

Reference voltage 

(output to ADJ) 

V| - Vq = 10 V to 125 V, 

Iq = 15 mA to 700 mA, 

P < rated dissipation 

1.2 

1.27 

1.3 

V 


* All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t w <10 ms, duty cycle < 5%) to limit changes 
in average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately, 
tinput regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 

NOTE 2: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 
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Voltage Regulators 


TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT LIMIT 



V | - Vq ~ Input-to-Output Voltage Differential — V 


OUTPUT CURRENT LIMIT 


INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL 


"7“i 




















/ 

V 




/ 





/ 

v 

V., 

jc = °c 

/ 

\ 



= 25° C 

U- 

/ 

Tc 

= 1 25° C : 



T 


1 




0 25 50 75 100 125 


V| — Vo — Input-to-Output Voltage Differential — V 


; OUTPUT CURRENT LIMIT 
TIME 




V| - Vo 

= 25 V 

V 

' 

T C = 25° 

C 


■ — - 



— 





















0 10 20 30 40 


FIGURE 3 


FIGURE 4 


FIGURE 5 


RIPPLE REJECTION 


RIPPLE REJECTION 


RIPPLE REJECTION 


OUTPUT VOLTAGE 






1 1 1 1 
V|(AV) -V 0 = 25V 
_AV|( d . d ) = 10 V 

— 





'o 

f = 

= 100 mA 
120 Hz 



\ 




Tj 

25 
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0 10 20 30 40 50 60 70 80 90 100 


Vq - Output Voltage - V 


OUTPUT CURRENT 



Iq — Output Current — mA 



0 I i mum miiiiiii 11 mini I 1 1 nun _L uiiiui 
0.01 0.1 1 10 100 1000 
f — Frequency — kHz 


FIGURE 6 


FIGURE 7 


FIGURE 8 


6 


OUTPUT IMPEDANCE 



10l 102 10 3 10 4 106 106 10? 

t— Frequency— Hz 


FIGURE 9 
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TYPE TL783C 

HIGH VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


REFERENCE VOLTAGE 
VIRTUAL JUNCTION TEMPERATURE 


T ' I T" ' 

V| = 20 V 







1 

0 = 

5m 

A 

























N 
























_ 



1 







t 



c 







’-75-50-25 0 25 50 75 100 125 150 175 


Tj — Virtual Junction Temperature — C 


ADJUSTMENT-TERMINAL CURRENT 



0 25 50 75 100 125 


Tj — Virtual Junction Temperature - °C 


DROPOUT VOLTAGE 
VIRTUAL JUNCTION TEMPERATURE 



Tj — Virtual Junction Temperature — °C 


FIGURE 10 


FIGURE 11 


FIGURE 12 


' LOAD REGULATION 



0 25 50 75 100 125 150 

Tj — Virtual Junction Temperature — C 

FIGURE 13 


0 

1 

o 


MINIMUM OUTPUT CURRENT 
TO MAINTAIN REGULATION 


vs 



V|— Input Voltage— V 


FIGURE 14 


LINE TRANSIENT RESPONSE 



Time - ns 


LOAD TRANSIENT RESPONSE 



FIGURE 15 


FIGURE 16 
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Voltage Regulators 


TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


DESIGN CONSIDERATIONS 


The internal reference (see functional block diagram) is used to generate 1.25 volts nominal (V re f) between the output 
and adjustment terminals. This voltage is developed across R1 and causes a constant current to flow through R1 and 
the programming resistor R2, giving an output voltage of: 

Vo = V re f (1 + R2/R1) + I adj (R2) 
or 

VO « V r ef 0 +R2/R1). 

The TL783 was designed to minimize l ac jj and maintain consistency over line and load variations, thereby minimizing 
the l a dj (R2) error term. 

To maintain l ac jj at a low level, all quiescent operating current is returned to the output terminal. This quiescent 
current must be sunk by the external load and is the minimum load current necessary to prevent the output from 
rising. The recommended R1 value of 82 ohms will provide a minimum load current of 15 milliamperes. Larger values 
may be used if the input-to-output differential voltage is less than 125 volts (see minimum operating current curve) 
or if the load will sink some portion of the minimum current. 


Bypass capacitors 

The TL783 regulator is stable without bypass capacitors; however, any regulator will become unstable with certain 
values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing is recommended 
whenever the regulator is located more than four inches from the power-supply filter capacitor. A 1 -microfarad tantalum 
or electrolytic capacitor is usually sufficient. 

Adjustment- terminal capacitors are not recommended for use on the TL783 because they can seriously degrade load 
transient response as well as create a need for extra protection circuitry. Excellent ripple rejection is presently achieved 
without this added capacitor. 

Due to the relatively low gain of the MOS output stage, output voltage drop-out may occur under large load transient 
conditions. Addition of an output bypass capacitor will greatly enhance load transient response as well as prevent 
drop-out. For most applications it is recommended that an output bypass capacitor be used with a minimum value of: 

Co (Mf) = 15/Vo 

Larger values will provide proportionally better transient response characteristics. 


Protection circuitry 



The TL783 regulator includes built-in protection circuitry capable of guarding the device against most overload con- 
ditions encountered in normal operation. These protective features are current limiting, safe-operating-area protection, 
and thermal shutdown. These circuits are meant to protect the device under occasional fault conditions only. Con- 
tinuous operation in the current limit or thermal shutdown mode is not recommended. 


The internal protection circuits of the TL783 will protect the device up to maximum rated V| as long ascertain pre- 
cautions are taken. If V | is instantaneously switched on, transients exceeding maximum input ratings may occur, which 
can destroy the regulator. These are usually caused by lead inductance and bypass capacitors causing a ringing voltage 
on the input. In addition, if rise times in excess of 10 V/ns are applied to the input, a parasitic n-p-n transistor in parallel 
with the DMOS output can be turned on causing the device to fail. If the device is operated over 50 volts and the input 
is switched on rather than ramped on, a low-Q capacitor, such as a tantalum or electrolytic should be used rather than 
ceramic, paper, or plastic bypass capacitors. A dissipation factor of 0.015 or greater will usually provide adequate 
damping to suppress ringing. Normally, no problems will occur if the input voltage is allowed to ramp upward through 
the action of an ac line rectifier and filter network. 
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TYPE TL783C 

HIGH VOLTAGE ADJUSTABLE REGULATOR 


Similarly, if an instantaneous short circuit is applied to the outputs, both ringing and excessive fall times can result. A 
tantalum or electrolytic bypass capacitor is recommended to eliminate this problem. However, if a large output capacitor 
is used and the input is shorted, addition of a protection diode may be necessary to prevent capacitor discharge through 
the regulator. The amount of discharge current delivered is dependent on output voltage, size of capacitor, and fall 
time of V|. A protective diode (see Figure 17) is required only for capacitance values greater than 

C 0 (Mf) = 3 x 10 4 /(Vo) 2 - 

Care should always be taken to prevent insertion of regulators into a socket with power on. Power should be turned off 
before removing or inserting regulators. 



FIGURE 17- REGULATOR WITH PROTECTIVE DIODE 

Load regulation 

The current set resistor (R1) should be located close to the regulator output terminal rather than near the load. This 
eliminates long line drops from being amplified through the action of R1 and R2 to degrade load regulation. To provide 
remote ground sensing, R2 should be near the load ground. 



FIGURE 18-REGULATOR WITH CURRENT-SET RESISTOR 
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Voltage Regulators 


TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGUALTOR 


TYPICAL APPLICATION DATA 


TL783C 



"NEEDED IF DEVICE IS MORE THAN 4 INCHES FROM 
FILTER CAPACITOR 

FIGURE 19-1.25-V TO 115-V 
ADJUSTABLE REGULATOR 



OFF-LINE REGULATOR 




REGULATOR WITH CURRENT BOOST REGULATOR WITH CURRENT BOOST 

AND CURRENT LIMIT 
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TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 


ov, 


Vref 


INPUT 

OUTPUT] 

ADJUST 


FIGURE 23-CURRENT- 
SINKING REGULATOR 



FIGURE 24-CURRENT- 
SOURCING REGULATOR 



FIGURE 25-HIGH-VOLTAGE 
UNITY-GAIN OFFSET AMPLIFIER 


FIGURE 26-48- V, 200-mA 
FLOAT CHARGER 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPE TL1451G 

DUAL PULSE-WIDTH MODULATION CONTROL CIRCUIT 

D2730, FEBRUARY 1983 


• Complete PWM Power Control Circuitry 

• Completely Synchronized Operation 

• Internal Under-Voltage Lockout Protection 

• Wide Supply Voltage Range 

• Internal Short-Circuit Protection 

• Oscillator Frequency . . . 500 kHz Max 

• Variable Dead Time Provides Control Over 
Total Range 

• Internal Regulator Provides A Stable 2.5-V 
Reference Supply 


J OR N 

DUAL IN-LINE PACKAGE (TOP VIEW) 


C T 
. Rt 

ERROR flN + 
AMPLIFIER 1 \|N- 
1 FEEDBACK 
1 DEAD-TIME CONTROL 
1 OUTPUT 
GND 


7T 

Jl6 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8 

9 


j REF 
JSCP 

jlN+'l ERROR 
j IN - j AMPLIFIER 2 
) 2 FEEDBACK 
1 2 DEAD-TIME CONTROL 
| 2 OUTPUT 

Ivcc 


description 

The TL1 451 incorporates on a single monolithic chip all the functions required in the construction of two pulse-width- 
modulation control circuits. Designed primarily for power supply control, the TL1451 contains an on-chip 2.5-volt 
regulator, two error amplifiers, an adjustable oscillator, two dead-time comparators, under-voltage lockout circuitry, 
and dual common-emitter output transistor circuits. 

The uncommitted output transistors provide common-emitter output capability for each controller. The internal amplifiers 
exhibit a common-mode voltage range from 0.4 volts to 1 .5 volts. The dead-time control comparator has no offset 
unless externally altered and may be used to provide 0% to 1 00% dead time. The on-chip oscillator may be operated 
by terminating Rj (pin 2) and Cj (pin 1 ). During low Vcc conditions, the under-voltage lockout control circuit feature 
locks the outputs off until the internal circuitry is operational. 

The TL1451 is characterized for operation from -20°C to 85 °C. 


recommended operating conditions 




PRODUCT PREVIEW 
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development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE WIDTH MODULATION CONTROLLERS 


LINEAR 
INTEGRATED 

CIRCUITS D2724, APRIL 1983 

• Complete PWM Power Control Circuitry 

• 8-Volt to 35-Volt Operation 

• 5.1 -Volt Reference Trimmed to ± 1 % 

• Frequency Range ... 100 Hz to 500 Hz 

• Adjustable Deadtime Control 

• Under-Voltage Lockout for Low Vqq 
C onditions 

• Latched PWM Prevents Multiple Pulses 

• Dual Sink or Source Output Drivers 

• Improved Direct Replacements for Silicon 
General SG1525A/SG1527A Series 

output logic 

TL1525A, TL2525A, TL3525A ... OR 
TL1527A, TL2572A, TL3527A . . . NOR 

description 

The TL1 525A/TL1 527A series of pulse-width modulation integrated circuits are designed to offer improved performance 
and lower external parts count when used to implement various types of switching power supplies. Each device includes 
an on-chip 5.1 -volt reference, error amplifier, programmable oscillator, pulse-steering flip-flop, a latched comparator 
under-voltage lockout, shutdown circuitry, and complementary source or sink outputs. The on-chip 5.1 -volt reference 
is trimmed to ± 1 % initial accuracy, serves as a reference output, and supplies the internal regulator control circuitry. 
The input common-mode range of the error amplifier includes the reference voltage, which eliminates the need for 
external divider resistors. 

The oscillator operates at a fixed frequency determined by one timing resistor Rj and one timing capacitor Cy. The 
timing resistor establishes the constant charging current for Cj, resulting in a linear voltage ramp at Cj, which is 
fed to the PWM comparator providing linear control of the output pulse duration by the error amplifier. A Sync input 
to the oscillator allows for external synchronization or for multiple units to be slaved together. A single external resistor 
between the Cy pin and the Discharge pin provides a wide range of dead-time adjustment. These devices also feature 
built-in soft-start circuitry that requires only an external timing capacitor. The Shutdown pin controls both the soft- 
start and the output drivers, and provides instantaneous turn-off with soft-start recycle for slow turn-on. The soft- 
start and output driver circuitry are also controlled by the under-voltage lockout circuit, which, during low-input supply 
voltage of less than that required for normal operation, keeps the soft-start capacitor discharged and the output drivers 
off. 

Another unique feature is the S-R latch following the PWM comparator. This feature enables the output drivers to 
be turned off any time the PWM pulse is terminated. The latch is reset with each clock pulse. However, the PWM 
outputs will remain turned off for the duration of the period if the PWM comparator output is in a low-level state. 
The TL1525A, TL2525A, and TL3525A output stages feature NOR logic resulting in a low output for an off-state. 
The TL1527A, TL2527A, and TL3527A output stages feature OR logic resulting in a high-level output for an off- 
state. The output stages are totem-pole designs capable of sourcing or sinking 200 milliamperes of output current. 

The TL1525A and TL1527A are characterized for operation over the full military temperature range of -55°C to 
1 25 °C. The TL2525A and TL2527A are characterized for operation from - 25 °C to 85 °C. The TL3525A and TL3527A 
are characterized for operation for 0°C to 70 °C. 


TL1525A, TL1527A . . . J 
TL2525A, TL2527A . . . J OR N 
TL3525A, TL3527A . . . J OR N 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


INVERTING INPUT H 

7T 

—'16 

J REFERENCE 

NONINVERTING INPUTC 

2 

15 

DVcc <V|) 

SYNC d 

3 

14 

U OUTPUT B 

OSCILLATOR OUT[“ 

4 

13 

Hvc 

ctC 

5 

12 

Hgnd 

RtC 

6 

11 

H OUTPUT A 

DISCHARGE L 

7 

10 

H SHUTDOWN 

SOFT-START C 

8 

9 

J COMPENSATION 
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Voltage Regulators 


TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


functional block diagram (positive logic) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 40 V 

Collector voltage, Vc 40 V 

Logic input voltage range sync and shutdown -0.3 V to 5.5 V 

Analog input voltage range error amplifier inputs -0.3 V to Vcc 


Output current, lo 500 mA 

Reference output current, Iref 50 mA 

Current through Cj terminal -5 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 1000 mW 

Operating free-air temperature range:TL1 525A, TL1527A -55°C to 125°C 

TL2525A, TL2527A -25°C to 85 °C 

TL3525A, TL3527A 0°C to 70°C 

Operating virtual junction temperature range 0°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J Package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N Package 260 °C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operating above 25 °C free-air temperature, see Dissipation Derating Curves, Figures 1 and 2. In the J package, TL1525A and TL1527A 
chips are alloy-mounted; TL2525A, TL2527A, TL3525A, and_TL3527A chips are epoxy mounted. 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


J PACKAGE FREE-AIR TEMPERATURE 



0 I I I I I I 

25 50 75 100 125 


T a— F ree-Air Temperature— °C 


N PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


<: 

E 
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E 
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E 

'x 

CO 
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1200 







800 

600 
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0 


"V 

















DERAT 

TNG FAC1 

fOR = 9.2 

mW/°C 



ABOVE 41 C 

R0JA * 108°C/W 

1 1 L_ 




25 35 45 55 65 75 85 


Ta— F ree-Air Temperature— °C 


FIGURE 1 


FIGURE 2 


recommended operating conditions 


PARAMETER 

TL1525A, TL1527A 

TL2525A, TL2527A 

TL3525A, TL3527A 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Supply voltage, Vqc 

8 

35 

8 

35 

8 

35 

V 

Collector voltage, Vq 

4.5 

35 

4.5 

35 

4.5 

35 

V 

Output current, Iq 

Steady state 

0 

±100 

0 

±100 

0 

±100 


Peak 

0 

±400 

0 

±400 

0 

±400 


Reference output current, Iref 

0 

20 

0 

20 

0 

20 

mA 

Oscillator frequency range 

100 

500 

100 

500 

100 

500 

kHz 

Timing resistor, Rj 

2 

150 

2 

150 

2 

150 

kfl 

Timing capacitor, Cj 

0.001 

0.1 

0.001 

0.1 

0.001 

0.1 

m f 

Dead-time resistor, Rp 

0 

500 

0 

500 

0 

500 


Operating free-air temperature range, Ta 

-55 

125 

-25 

85 

0 

70 

°C 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristics over recommended operating free-air temperature range, Vqc = 20 V 
(unless otherwise noted) 

reference section 


PARAMETER 

TEST CONDITIONS 

TL1525A, TL1527A 

TL2525A, TL2527A 

TL3525A, TL3527A 

UNIT 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



Tj = 25 °C 

5.05 

5.1 

5.15 

5 

5.1 

5.2 


Output voltage 

Vcc = 8 V to 35 V, 

Iq = 0 to 20 mA 

5 


5.2 

4.95 


5.25 

V 

Input regulation 

Vcc = 8 V to 35 V 


14 

20 


14 

20 

mV 

Output regulation 

Iq = 0 to 20 mA 


5 

50 


5 

50 

mV 

Output voltage change with 
temperature 



24 

50 


24 

50 

mV 

Output voltage long-term drift 
(see Note 3) 

After 1000 h at Tj = 125°C 


25 

50 


25 

50 

mV 

Output noise voltage (RMS) 

f = 10 Hz to 10 kHz, Tj = 25°C 


40 

200 


40 

200 

mV 

Short-circuit output current 

V 0 = 0 V, Tj = 25°C 


80 

100 


80 

100 

mA 


oscillator section 


PARAMETER 

TEST CONDITIONS 

TL1525A, TL1527A 

TL2525A, TL2527A 

TL3525A, TL3527A 

UNIT 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Maximum frequency 

R T = 2 k«, 

Cj = 1 nF 

400 

400 

kHz 

Minimum frequency 

Rj = 1 50 kO, 

Cj = 0.1 fiF 

100 

100 

Hz 


Rj = 3.6 kfi. 

Rp =0 8, 








Initial frequency error 

C T =0.1 ixF, 

T A = 25 °C 

f = 40 kHz, 


±2% 

±6% 


±2% 

±6% 


Frequency change with 
supply voltage 

V C c = 8 V to 35 V 


±0.3% 

± 1 % . 


±1% 

±2% 


Frequency change with 

temperature 

T A = MIN to MAX 


±3% 

±6% 


±3% 

±6% 


Output amplitude at Pin 4 

Rj = 3.6 kO, 

Cj = 0.1 fiF, 

Rq = 0 0, 
f = 40 kHz 

3 

3.5 


3 

3.5 


V 


Rj = 3.5 k 0, 

Rq = 0 0 








Output pulse duration at Pin 4 

Cj = 0.1 /if, 

Tj = 25 °C 

f = 40 kHz, 

0.3 

0.5 

1 

0.3 

0.6 

1 

flS 

Input threshold voltage at Pin 3 


1.2 

2 

2.8 

1.2 

2 

2.8 

V 

Input current at Pin 3 

v l(Pin3) = 3.5 v 


1.6 

2.5 


1.6 

2.5 

mA 

Current through Pin 5 due to 

internal current mirror 

Current through Pin 6 = 6 mA 

1.7 

2 

2.2 

1.7 

2 

2.2 

mA 


NOTE 3: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V 
(unless otherwise noted) 


error amplifier section 


PARAMETER 

TEST CONDITIONS 

TL1525A, TL1527A 

TL2525A, TL2527A 

TL3525A, TL3527A 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

High-level output voltage 


3.8 5.6 

3.8 5.6 

V 

Low-level output voltage 


0.2 0.5 

0.2 0.5 

V 

Input offset voltage 


0.5 5 

2 10 

mV 

Input bias current 


1 10 

1 10 

mA 

Input offset current 


1 

1 


Open-loop voltage amplification 

R L > 10 M 

60 75 

60 75 

dB 

Common-mode rejection ratio 

V|C = 1.5 V to 5.2 V 

60 75 

60 75 

dB 

Supply voltage rejection ratio 

V C c = 8 V to 35 V 

o 

CO 

o 

LO 

o 

CD 

O 

in 

dB 

Gain-bandwidth product 

A V = 0 dB, Tj = 25°C 

1 2 

1 2 

MHz 


comparator section 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input threshold voltage 

R T = 3.6 kfi, 

Rq = 0 fl, 

Cy = 10 nF, f = 40 kHz 

Duty cycle = 0% 

0.6 0.9 

V 

Duty cycle = MAX 

3.3 3.6 

Input bias current 


0.5 1 



soft-start section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Soft-start voltage 

V| at Pin 10 = 2 V 


0.4 

0.6 

V 

Soft-start current 

V| at Pin 10 = 0 V 

25 

50 

80 

M A 

Input current, Shutdown 

V| at Pin 10 = 2.5 V 

0.4 1 

mA 


output section 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

High-level output voltage 

Iqh = - 20 mA 

18 

19 


v 

Iqh = - 100 mA 

17 

18 



Low-level output voltage 

Iql = 20 mA 


0.2 

0.4 

v 

Iql =100 mA 


1 

2 


Under-voltage lockout voltage 

V| at Pins 8 and 9 = high 

6 

7 

8 

V 

Collector cutoff current (see Note 4) 

V C = 35 V, l 0 = 100 mA 

200 

VlA 

Output pulse rise time 

C L = 1 nF, Tj = 25°C 


100 

600 

ns 

Output pulse fall time 

C L = 1 nF, Tj = 25°C 


50 

300 

ns 

Shutdown delay time 

V| at Pin 10 = 3 V, 

capacitance at pin 8 = 0, Tj = 25 °C 


0.2 

0.5 

ns 


NOTE 4: Collector cutoff current specifications apply only for the TL1525A, TL2525A, and TL3525A devices. 

total device 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Minimum duty cycle 


0% 


Maximum duty cycle 


45% 49% 


Standby current 

Vcc = 35 V 

14 20 

mA 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


2 kfi 

400 /xAi / 
>pF V' 


M kfi 14 kfi % 


FIGURE 3 - OSCILLATOR SCHEMATIC DIAGRAM 


- OSCILLATOR 
OUTPUT 


TYPICAL CHARACTERISTICS 


CHARGING TIME 

DISCHARGE TIME 

vs 

vs 

TIMING RESISTOR 

DEAD TIME RESISTOR 


Vcc = 20 V 


T A = 25° C 




IRSIIKil 


■■■I I! 


WZMWMVUm 


II 


Vcc = 20 V 

Ta = 25° C 


\wm 


C T = 5nF 


Cj=2nF 


C T = 1 nF 


II 




Rj— Timing Resistor— ki2 
FIGURE 4 


Rq— D ead Time Resistor— £2 
FIGURE 5 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 


TYPICAL CHARACTERISTICS 

-LOOP TL1525A OUTPUT SATURATION VOLTAGE 








\ 



> 

— r l = 

k 

20kfi 

N 

[N 

\ 


\ 

\ 
s. 


Vcc = 20 V \ \ 

T A = 25° C \ \ 

100 Ik 10 k 100 k 1 M 10 M 
f— Frequency— Hz 

FIGURE 6 


OUTPUT CURRENT 


V| = 20 V 
T A = 25° C 


Source Saturated, 


vc-VOH 


Sink Saturated, Vql 


o e- 1 1 1 , 1 1 111 I I 1. I I 1 11 J 

±0.01 ±0.02 ±0.04 ±0.1 0.2 0.4 0.7 1 

Output Saturation Voltage-V 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 




CLOCK F/F PWM 


FIGURE 9 - OUTPUT CIRCUIT SCHEMATIC DIAGRAM 


TYPICAL APPLICATION DATA 



shutdown options 

1. Use an external transistor or open-collector comparator to pull down on the Compensation terminal (Pin 9). This 
will set the PWM latch and turn off both driver outputs. If the shutdown signal is momentary, pulse-by-pulse protection 
will be accomplished as the PWM latch is reset with each clock pulse. 


2. The same results may be accomplished by pulling down on the Soft-Start terminal (Pin 8) with the only difference 
being that on this pin shutdown will not affect the amplifier compensation network, but must discharge any soft- 
start capacitance. 


3. Application of a positive-going signal to the Shutdown terminal (Pin 10) will provide the most rapid shutdown of 
the driver outputs but will not immediately set the PWM latch if there is a capacitor at the Soft-Start terminal. The 
capacitor will discharge but at a current twice the charging current. The PWM latch can be set on a pulse-by-pulse 
basis by the shutdown terminal if there is no external capacitance on the Soft-start terminal (Pin 8). Slow turn-on 
may still be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the 
Compensation terminal (Pin 9). 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


TYPICAL APPLICATION DATA 



For single-ended supplies, the driver outputs are grounded. 
The Vc terminal is switched to ground by the totem-pole 
source transistors on the alternate oscillator cycles. 

FIGURE 10 - SINGLE-ENDED CIRCUIT 



Low-power transformers can be directly driven by the 
TL1 525A. Automatic reset occurs during deadtime when 
both ends of the primary winding are switched to ground. 


FIGURE 11 - TRANSFORMER-COUPLED CIRCUIT 


B3 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3S27A 
PULSE-WIDTH MODULATION CONTROLLERS 


TYPICAL APPLICATION DATA 



is controlled by R-| — R3. Rapid turn-off times for the power 
devices are achieved with speed-up capacitors C-j and C2- 

FIGURE 12 - BIPOLAR PUSH-PULL CIRCUIT 




The low source impedance of the output drivers provides 
rapid charging of power FET input capacitance while 
minimizing external components. 


FIGURE 13 - LOW-IMPEDANCE BIPOLAR-DRIVE 
PUSH-PULL CIRCUIT 
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LINEAR 

INTEGRATED 

CIRCUITS 


• Power-On Reset Generator 

• Automatic Reset Generation After Voltage 
Drop 

• Wide Supply Voltage Range ... 1.8 V to 
40 V 


• Precision Voltage Sensor 

• Temperature-Compensated Voltage 
Reference 

• Externally-Adjustable Pulse Duration 

• Programmable Sense Voltage 

• Programmable Hysteresis 


TYPES TL7700I, TL7700C 
SUPPLY VOLTAGE SUPERVISORS 


D2812, DECEMBER 1983 


D OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


c-rC 

SENSE INPUT d 
NC d 
GND d 


1 U 8 

2 7 

3 6 

4 5 


H RESET OUT 

Unc 
Dnc 
U vcc 


NC — No internal connection 


description 

The TL7700 is a monolithic integrated circuit supply voltage supervisor specifically designed for use as 
a reset controller in microcomputer and microprocessor systems. During power-up the device tests the 
supply voltage and keeps the RESET output active as long as the supply voltage has not reached its nominal 
voltage value. The device internal time delay is determined by an external capacitor connected to the Cj 
input (pin 1). 

td = 105 x Ct 
Where: Cj is in farads (F), 
td is in seconds (s) 

The TL7700I is characterized for operation from -25°C to 85 °C; the TL7700C is characterized from 
0°C to 70°C. 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 41 V 

Input voltage at SENSE -0.3 to 41 V 

Output current 5 mA 

Operating free-air temperature range: TL7700I -25°C to 85°C 

TL7700C 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

NOTE 1 : All voltage values are with respect to the network ground terminal. 

recommended operating conditions 


recommended operating conditions 



MIN NOM 

MAX 

UNIT 

Supply voltage, Vcc 

1.8 

40 

V 

Low-level output current, Iql 

3 

mA 

Operating free-air temperature, T/\ 

TL7700I 

-25 

85 

°C 

TL7700C 

0 

70 


283 


PRODUCT PREVIEW 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


D2722, APRIL 1983-REVISED FEBRUARY 1984 


• Power-On Reset Generator 

• Automatic Reset Generation After Voltage 
Drop 

Wide Supply Voltage Range ... 3 V to 1 8 V 
Precision Voltage Sensor 

• Temperature-Compensated Voltage Reference 

• True and Complement Reset Outputs 

• Externally Adjustable Pulse Width 


D OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


REF Z 
RESIN C 

CtC 

gndC 


7T JF 

2 7 

3 6 

4 5 Preset 


U vcc 

U SENSE INPUT 
U RESET 


description 

The TL7702A series are monolithic integrated circuit supply voltage supervisors specifically designed for 
use as reset controllers in microcomputer and microp rocessor systems. During power-up the device tests 
the supply voltage and keeps the RESET and RESET outputs active (hig h and low, respectively) as long 
as the supply voltage has not reached its nominal voltage value. Taking RESIN low has the same effect. 
To ensure that the microcomputer system has reset, the TL7702A then initiates an internal time delay 
that delays the return of the reset outputs to their inactive states. Since the time delay for most 
microcomputers and microprocessors is in the order of several machine cycles, the device internal time 
delay is determined by an external capacitor connected to the Ct input (pin 3). 

td = 1.3 x 104 x Ct 

Where: Ct is in farads (F) and td is in seconds(s) 

In addition, when the supply voltage drops below the nominal value, the outputs will be active until the 
supply voltage returns to the nominal value. An external capacitor (typically 0.1 n F) must be connected 
to the REF output (pin 1) to reduce the influence of fast transients in the supply voltage. 

The TL7702AI series is characterized for operation from -25°C to 85 °C; the TL7702AC series is 
characterized from 0°C to 70 °C. 


functional block diagram 



NOTE A: TL7702A: R1 = 0 (1, R2 = open 

TL7705A: R1 = 7.8 ki2, R2 = 10 kfl 
TL7709A: R1 = 19.7 kfl, R2 = 10 kQ 
TL7712A: R1 = 32.7 kfl, R2 = 10 kfi 
TL7715A: R1 = 43.4 kG, R2 = 10 kfl 
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Voltage Regulators 


TYPES TL7702AJL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vcc ( see No te 1 ) 20 V 

Input voltage range at RESIN -0.3 V to 20 V 

Input voltage at SENSE: 

TL7702A (see Note 2) -0.3 V to 6 V 

TL7705A -0.3 V to 10 V 

TL7709A -0.3 V to 15 V 

TL7712A -0.3 V to 20 V 

TL7715A . -0.3 V to 20 V 

High-level output current at RESET -30 mA 

Low-level output current at RESET . 30 mA 

Operating free-air temperature range: 

TL77 — I -25°C to 85°C 

TL77 — C 0°C to 70 °C 

Storage temperature range -65°C to 150°C 


NOTES: 1 . All voltage values are with respect to the network ground terminal. 

2. For the TL7702A, the voltage applied to the SENSE terminal must never exceed Vcc- 


recommended operating conditions 



MIN 

NOM MAX 

UNIT 

Supply voltage, Vcc 

3.6 

18 

V 

High-level input voltage at RESIN, V|h 

2 

V 

Low-level input voltage at RESIN, V||_ 

0.6 

V 


TL7702A 

0 

See Note 3 



TL7705A 

0 

10 


Voltage at sense input, Vp 

TL7709A 

0 

15 

V 


TL7712A 

0 

20 



TL7715A 

0 

20 


High-level output current at RESET, Iqh 

-16 

mA 

Low-level output current at RESET, Iql 

11, 

mA 

Operating free-air temperature range, T/\: 

TL77_I 

-25 

85 

°C 

TL77_C 

0 

70 


NOTE 3: For proper operation of the TL7702A, the voltage applied to the SENSE terminal should not exceed Vcc “ 1 V or 6 V, whichever 
is less. 
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TYPES TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


electrical characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

MIN TYP MAX 

UNIT 

Vqh High-level output voltage at RESET 

IqH = - 1 6 mA 

Vcc-1.5 

V 

Vql Low-level output voltage at RESET 

Iql = 1 6 mA 

0.4 

V 

V re f Reference voltage 

T A = 25 °C 

2.48 2.53 2.58 

V 

Threshold voltage 

Vt 

at SENSE input 

TL7702A 

V C C = 3.6 V to 1 8 V 

T A = 25 °C 

2.48 2.53 2.58 

V 

TL7705A 

4.5 4.55 4.6 

TL7709A 

7.5 7.6 7.7 

TL7712A 

10.6 10.8 11 

TL7715A 

13.2 13.5 13.8 

Vj+ - Vy_ Hysteresis * at SENSE input 

TL7702A 

Vqc = 3.6 V to 18 V, 

T a = 25 °C 

10 

mV 

TL7705A 

15 

TL7709A 

20 

TL7712A 

35 

TL7715A 

45 

l| Input current at RESIN input 

V| = 2.4 V to V C C 

20 

ImA 

V| = 0.4 V 

-100 

l| Input current at SENSE input | TL7702A 

V re f < V| < V CC -1.5 V 

0.5 2 

mA 

lOH High-level output current at RESET 

< 

o 

II 

00 

< 

50 

A A 

lOL Low-level output current at RESET 

o 

II 

o 

> 

-50 

pA 

ICC Supply current 

All inputs and outputs open 

1.8 3 

mA 


^ All characteristics are measured with C = 0.1 /*F from Pin 1 to GND, and with C = 0.1 /tF from Pin 3 to GND. 

^Hysteresis is the difference between the positive-going input threshold voltage, Vj + , and the negative-going input threshold voltage, Vj_. 


TYPICAL CHARACTERISTICS 




FIGURE 1-MULTIPLE POWER SUPPLY SYSTEM RESET GENERATION 
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Voltage Regulators 


TYPES TL7702AJL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


TYPICAL APPLICATION DATA 




FIGURE 3-RESET CONTROLLER FOR TMS1000 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

D1063, AUGUST 1972-REVISED DECEMBER 1982 


• 1 50-mA Load Current Without External Power 
Transistor 

• Typically 0.02% Input Regulation and 
0.03% Load Regulation (uA723M) 

• Adjustable Current Limiting Capability 

• Input Voltages to 40 Volts 

• Output Adjustable from 2 to 37 Volts 

• Direct Replacement for Fairchild fx A723M and 
/*A723C 


UA723M . . . J PACKAGE 
uA723C . . . J OR N PACKAGE 
(TOP VIEW) 


NC[I 
CURR LIMC 
CURR SENS E 
IN-C 
IN + £ 
V(ref) C 
VCC- C 


TTJug 

2 13p 

3 

4 

5 

6 
7 


12U 
11 ] 
io D 
s: 
sD 


NC 

FREQ COMP 
V CC + 

V C 

OUTPUT 

v z 

NC 


description 

The uA723M and uA723C are monolithic integrated 
circuit voltage regulators featuring high ripple 
rejection, excellent input and load regulation, excellent 
temperature stability, and low standby current. The 
circuit consists of a temperature-compensated 
reference voltage amplifier, an error amplifier, a 
1 50-milliampere output transistor, and an adjustable 
output current limiter. 

The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, switching, 
or floating regulator. For output currents exceeding 1 50 mA, additional pass elements may be connected as shown 
in Figure 4 and 5. 

The uA723M is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C. The uA723C 
is characterized for operation from 0°C to 70 °C. 


uA723M . . . U PACKAGE 
(TOP VIEW) 

CURR SENS C* 1 
IN - ^2 
IN + [] 3 


V(ref) Cl 4 
Vcc- U 5 


10 2 CURR LIM 
9 J FREQ COMP 

8 U Vcc + 

7]V C 
6 2 OUTPUT 


NC — No internal connection 


functional block diagram 


FREQUENCY 

V CC+ COMPENSATION 
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Voltage Regulators 


TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Peak voltage from Vqc+ to Vcc— (tw ^ 50 ms) 50 V 

Continuous voltage from Vcc+ to Vcc— 40 V 

Input-to-output voltage (differential 40 V 

Differential input voltage to error amplifier ±5 V 

Voltage between noninverting input and Vcc— 8 V 

Current from Vz 25 mA 

Current from V( re f) 15 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1): 

J or N package 1000 mW 

U package 675 mW 

Operating free-air temperature range: uA723M Circuits — 55°Cto125°C 

uA723C Circuits 0°C to 70°C 

Storage temperature range -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, J or U package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, N package 260°C 


NOTE 1: Power dissipation = ll(standby) + *(ref)l ^CC + IVc ~ VqI *0- For operation at elevated temperature, refer to Dissipation Derating Table. In 
the J package, uA723M chips are alloy-mounted; uA723C chips are glass-mounted. 


recommended operating conditions 

MIN MAX UNIT 


Input voltage, V| 9.5 40 V 

Output voltage, Vo 2 37 V 

Input-to-output voltage differential, Vc — Vo 3 38 V 

Output current, I o 150 mA 


electrical characteristics at specified free-air temperature (see Note 2) 


m 


PARAMETER 

TEST CONDITIONS 1 " 

UA723M 

UA723C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input regulation 

V| = 12 Vto V| = 15 V 

25° C 

0.01% 0.1% 

0.01% 0.1% 


V| = 12 Vto V| = 40V 

25° C 

0.02% 0.2% 

0.1% 0.5% 

V| = 12 V to V| = 15 V 

Full range 

0.3% 

0.3% 

Ripple rejection 

f = 50 Hz to 1 0 kHz, C( r ef) = 0 

25° C 

74 

74 

dB 

f = 50 Hz to 10 kHz, C( ref) =5/iF 

25° C 

86 

86 

Output regulation 

Iq = 1 mA to lo = 50 mA 

25° C 

-0.03% -0.15% 

-0.03% -0.2% 


Full range 

-0.6% 

-0.6% 

Reference voltage, V( re f) 


25° C 

6.95 7.15 7.35 

6.8 7.15 7.5 

V 

Standby current 

V| = 30 V, l o = 0 

25° C 

2.3 3.5 

2.3 4 

mA 

Temperature coefficient of 
output voltage 


Full range 

0.002 0.015 

0.003 0.015 

%/°C 

Short-circuit 

output current 

R S C = 10 fl, Vq = 0 

25° C 

65 

65 

mA 

Output noise voltage 

BW = 100 Hz to 10 kHz, C( ref ) = 0 

25° C 

20 

20 

mV 

BW= 100 Hz to 10 kHz, C( ref ) = 5MF 

25° C 

2.5 

2.5 


+ Full range for uA723M is — 55° C to 125°C and for UA723C is 0°C to 70°C. 

NOTE 2: For all values in this table the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier 
<10 kfi. Unless otherwise specified, V| = Vqc+ = V C = 12 V, Vqq_ = 0, Vq = 5 V, Iq = 1 mA, Rgc = 0, and C( re f) = 0. 
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TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


schematic 


Vcc+ Vc 



INPUT 


RESISTOR AND CAPACITOR VALUES SHOWN ARE NOMINAL. 


DISSIPATION DERATING TABLE 


POWER 

POWER 

RATING 

DERATING 

FACTOR 

ABOVE 

t a 

J (Alloy-Mounted Chip) 

1000 mW 

11.0 mW/°C 

59° C 

J (Glass-Mounted Chip) 

1000 mW 

8.2 mW/° C 

28° C 

N 

1 000 mW 

9.2 mW/°C 

41°C 

U 

675 mW 

5.4 mW/° C 

25° C 
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Voltage Regulators 


TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


TABLE I 

RESISTOR VALUES (kO) FOR STANDARD OUTPUT VOLTAGES 


OUTPUT 

VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

± 5% 

OUTPUT 

ADJUSTABLE 

±10% (SEE NOTE 4) 

OUTPUT 

VOLTAGE; 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

± 5% 

OUTPUT 

ADJUSTABLE 

±10% (SEE NOTE 4) 

(V) 

(SEE NOTE 3) 

R1 

(kfi) 

R2 

(ktt) 

R1 

(kft) 

PI 

(ktt) 

R2 

(kfi) 

(V) 

(SEE NOTE 3) 

R1 

(k£2) 

R2 

Ikn) 

R1 

(ktt) 

PI 

Ikto) 

R2 

(kfi) 

+3.0 

1,5, 6, 9, 11, 

12(4) 

4.12 

3.01 

1.8 

0.5 

1.2 

+ 100 

7 

3.57 

105 

2.2 

10 

91 

+3.6 

1,5, 6, 9, 11, 

12(4) 

3.57 

3.65 

1.5 

0.5 

1.5 

+250 

7 

3.57 

255 

2.2 

10 

240 

+5.0 

1, 5, 6, 9, 11, 

12 (4) 

2.15 

4.99 

0.75 

0.5 

2.2 

-6 (Note 5) 

3, (10) 

3.57 

2.43 

1.2 

0.5 

0.75 

+6.0 

1,5, 6, 9, 11, 

12 (4) 

1.15 

6.04 

0.5 

0.5 

2.7 

—9 

3, 10 

3.48 

5.36 

1.2 

0.5 

2.0 

+9.0 

2, 4, (5, 6, 

9, 12) 

1.87 

7.15 

0.75 

1.0 

2.7 

-12 

3, 10 

3.57 

8.45 

1.2 

0.5 

3.3 

+12 

2, 4, (5, 6, 

9, 12) 

4.87 

7.15 

2.0 

1.0 

3.0 

-15 

3, 10 

3.57 

11.5 

1.2 

0.5 

4.3 

+15 

2, 4, (5, 6, 

9, 12) 

7.87 

7.15 

3.3 

1.0 

3.0 

-28 

3, 10 

3.57 

24.3 

1.2 

0.5 

10 

+28 

2, 4, (5, 6, 

9, 12) 

21.0 

7.15 

5.6 

1.0 

2.0 

-45 

8 

3.57 

41.2 

2.2 

10 

33 

+45 

7 

3.57 

48.7 

2.2 

10 

39 

-100 

8 

3.57 

95.3 

2.2 

10 

91 

+75 

7 

3.57 

78.7 

2.2 

10 

68 

-250 

8 

3.57 

249 

2.2 

_!£J 

240 


TABLE II 

FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from +2 to +7 volts 

Outputs from +4 to +250 volts 


[Figures 1, 5, 6, 9, 11, 12, (4)] 

[Figure 7] 

Current Limiting 

R2 

Vo = V( ref \ x 

u ireri R1 + R2 

V(ref) R2-R1 

Vo - ' reT ' X ; 

U 2 R1 

0.65 V 

1 (limit) ~ 0 

tt sc 


R3 = R4 




Foldback Current Limiting 

Outputs from +7 to +37 volts 

Outputs from —6 to —250 volts 

[Figure 6] 

[Figures 2, 4,(5, 6,9,11, 12)] 

[Figures 3, 8, 10] 

V 0 R3+ (R3+ R4) 0.65 V 
' (knee) ” R SC R4 

0.65 V R3 + R4 

R sc '' R4 

R1 + R2 

Vo = v (ref) X R2 

V(ref) R1 + R2 

U 2 R1 

R3 = R4 



3. The R1/R2 divider may be across either V Q or V( re f). If the divider is across V( ref ) and 
uses figures without parentheses, use figures with parentheses when the divider is across 
V Q . 

4. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced 
by the divider shown at the right. 

5. The device requires a minimum of 9 V between V cc+ and Vq q_ when V Q is equal to or 
more positive than —9 V. 



ADJUSTABLE OUTPUT CIRCUITS 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


c (re f) 



B. R3 may be eliminated for minimum 
component count. Use direct con- 
nection (i.e., R3 = 0). 

FIGURE 1 —BASIC LOW-VOLTAGE REGULATOR 
(V Q = 2 TO 7 VOLTS) 


V| 

J , 

J L 

Vcc+ 

v c 

v (ref) 

OUT 

vz 


CL 

NON 

CS 

INV 

INV 

Vcc- 

COMP 


R sc 


REGULATED 
3 OUTPUT, V 0 


100 pF 


NOTES: A. R3 = - 


R1 • R2 


■ for minimum cc\/q. 


R 1 + R2 

B. R3 may be eliminated for minimum 
component count. Use direct con- 
nection (i.e., R3 = 0). 

FIGURE 2— BASIC HIGH-VOLTAGE REGULATOR 
(Vq = 7 TO 37 VOLTS) 


R4 = 
3 k£l 


R3 = 
3 k£2 


VCC+ 

V C 

V|ref) 

OUT 

v z 


CL 


CS 

NON- 

INV 

INV 

vcc- 

COMP 


'HI 


REGULATED 
OUTPUT, Vq 


Vcc+ 

v c 

V(ref) 

OUT 


Vz 


CL 


CS 

NON- 

INV 

Vcc- 

INV 

COMP 


T 



FIGURE 3— NEGATIVE-VOLTAGE REGULATOR 


FIGURE 4-POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL N-P-N- PASS TRANSISTOR) 



REGULATED 
3 OUTPUT, Vq 



REGULATED 
3 OUTPUT, V 0 


VO 


I 

•knee 


FIGURE 5-POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL P-N-P PASS TRANSISTOR) 


FIGURE 6— FOLDBACK CURRENT LIMITING 
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Voltage Regulators 


TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 



NOTES: 5. The device requires a minimum of 9 V between Vqq + and Vqq_ when Vq is equal to or more positive than —9 V. 

6. When 10-lead uA723 devices are used in applications requiring V^, an external 6.2-V regulator diode must be connected in series 
with the Vq terminal. 

7. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with 0.009-inch air 
gap. 
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LINEAR 

INTEGRATED 

CIRCUITS 


• 3-Terminal Regulators 

• Output Current up to 1 .5 A 

• No External Components 

• Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct replacements for Fairchild /iA7800 Series 


SERIES UA7800 
POSITIVE-VOLTAGE REGULATORS 

D2154, MAY 1976-REVISED DECEMBER 1982 


NOMINAL 

OUTPUT 

VOLTAGE 

REGULATOR 

5 V 

UA7805C 

6 V 

UA7806C 

8 V 

UA7808C 

8.5 V 

UA7885C 

10 V 

UA7810C 

12 V 

UA7812C 

15 V 

UA7815C 

18 V 

UA7818C 

24 V 

UA7824C 


description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 


KC PACKAGE 


(TOP VIEW) 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 



schematic 



Resistor values shown are nominal and in ohms. 
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Voltage Regulators 


SERIES UA7800 

POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


1 

uA78 C 

UNIT 

Input voltage 

u A7824C 

40 

V 

All others 

35 

Continuous total dissipation at 25°C free-air temperature (see Note 1) 

2 

w 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 

15 

w 

Operating free-air, case, or virtual junction temperature range 

Oto 150 

°c 

Storage temperature range 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

°c 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

2000 

£ 1800 
E 

L 1600 

0 

§, 1400 
| 1200 

1 1000 

3 

£ 800 


1 400 

£ 200 
0 

25 50 75 100 125 150 

T/x^-Free-Air Temperature— °C 

FIGURE 1 



CASE TEMPERATURE 



25 50 75 100 125 150 


Tq— C ase Temperature— °C 

FIGURE 2 


recommended operating conditions 



MIN 

MAX 

UNIT 


UA7805C 

7 

25 



UA7806C 

8 

25 



UA7808C 

10.5 

25 



UA7885C 

10.5 

25 


Input voltage, V| 

UA7810C 

12.5 

28 


UA7812C 

14.5 

30 

V 


u A781 5C 

17.5 

30 



UA7818C 

21 

33 



UA7824C 

27 

38 


Output current, lo 

!*J 

A 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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TYPES UA7805C, uA7806C 
POSITIVE-VOLTAGE REGULATORS 


uA7805C electrical characteristics at specified virtual junction temperature, 
Vj = 10 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7805C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

4.8 5 5.2 

V 

Iq = 5 mA to 1 A, V| = 7 V to 20 V, 

P < 15 W 

0°C to 1 25° C 

4.75 5.25 

Input regulation 

V| = 7 V to 25 V 

25° C 

3 100 

mV 

V| = 8 Vto 12 V 

1 50 

Ripple rejection 

V| = 8 V to 18 V, f = 120 Hz 

0°C to 125°C 

62 78 

dB 

Output regulation 

Iq = 5 mA to 1 .5 A 

25° C 

15 100 

mV 

Iq = 250 mA to 750 mA 

5 50 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.017 

n 

Temperature coefficient 

of output voltage 

lO = 5 mA 

0°C to 1 25° C 

-1.1 

mV/° C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

40 

mV 

Dropout voltage 

io = 1 A 

25° C 

2.0 

V 

Bias current 


25° C 

4.2 8 

mA 

Bias current change 

V| = 7 V to 25 V 

0°C to 125°C 

1.3 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

750 

mA 

Peak output current 


25° C 

2.2 

L A 


uA7806C electrical characteristics at specified virtual junction temperature, 
Vj = 1 1 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7806C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

5.75 6 6.25 

V 

Iq = 5 mA to 1 A, V| = 8 V to 21 V, 

P < 15 W 

0°C to 125°C 

5.7 6.3 

Input regulation 

V| = 8 Vto 25 V 

25° C 

5 120 

mV 

V| = 9 Vto 13 V 

1.5 60 

Ripple rejection 

V| = 9 Vto 19 V, f = 120 Hz 

0°C to 125°C 

59 75 

dB 

Output regulation 

Iq = 5 mA to 1 .5 A 

25° C 

14 120 

mV 

lO = 250 mA to 750 mA 

4 60 

Output resistance 

f = 1 kHz 

0°C to 1 25° C 

0.019 

n 

Temperature coefficient 

of output voltage 

lO = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

45 

M v 

Dropout voltage 

< 

11 

O 

25° C 

2.0 

V 

Bias current 


25° C 

4.3 8 

mA 

Bias current change 

V t =8 Vto 25 V 

0°C to 125°C 

1.3 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

550 

mA 

Peak output current 


25° C 

2.2 

A 


^ All characteristics are measured with a capacitor across the input of 0.33 juF and a capacitor across the output of 0.1 All character- 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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Voltage Regulators 


TYPES UA7808C, UA7885C 
POSITIVE-VOLTAGE REGULATORS 


UA7808C electrical characteristics at specified virtual junction temperature, 
Vj = 14 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7808C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

7.7 8 8.3 

V 

lO = 5 mA to 1 A, V| = 10.5 V to 23 V, 

P < 15 W 

0°C to 125°C 

7.6 8.4 

Input regulation 

V| = 10.5 V to 25 V 

25° C 

6 160 

mV 

V| = 11 V to 17 V 

o 

CO 

CM 

Ripple rejection 

V| = 11.5 V to 21.5 V, f = 1 20 Hz 

0°C to 125°C 

56 72 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25° C 

12 160 

mV 

lO = 250 mA to 750 mA 

00 

o 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.016 

£2 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

25° C 

52 

,uV 

Dropout voltage 

I 0 = 1A 

25° C 

2.0 

V 

Bias current 


25° C 

4.3 8 

mA 

Bias current change 

V| = 10.5 V to 25 V 

0°C to 1 25° C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

450 

mA 

Peak output current 


25° C 

2.2 

A 


uA7885C electrical characteristics at specified virtual junction temperature, 
Vj = 15 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7885C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

8.15 8.5 8.85 

V 

Iq = 5 mA to 1 A, V| = 1 1 V to 23.5 V, 

P< 15 W 

0°C to 1 25° C 

8.1 8.9 

Input regulation 

V| = 10.5 V to 25 V 

25° C 

6 170 

mV 

V| = 11 V to 17 V 

2 85 

Ripple rejection 

V| = 11.5 V to 21.5 V, f = 120 Hz 

0°C to 125°C 

54 70 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25° C 

12 170 

mV 

Iq = 250 mA to 750 mA 

4 85 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.016 

£2 

Temperature coefficient 
of output voltage 

. 

Iq = 5 mA 

0°C to 125°C 

-0.8 

mV/°C 

Output noise voltage 

f= 10 Hz to 100 kHz 

25° C 

55 

MV 

Dropout voltage 

IO = 1A 

25° C 

2.0 

V 

Bias current 


25° C 

4.3 8 

mA 

Bias current change 

V| = 10.5 V to 25 V 

0°C to 125°C 

1 

mA 

l0.= 5 mA to 1 A 

0.5 


Short-circuit output current 


25° C 

450 

mA 

Peak output current 


25° C 

2.2 

A 


* All characteristics are measured with a capacitor across the input of 0.33 nF and a capacitor across the output of 0.1 nF. All character- 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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TYPES UA7810C, uA7812C 
POSITIVE-VOLTAGE REGULATORS 


uA7810C electrical characteristics at specified virtual junction temperature, 
Vj = 17 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS’*" 

UA7810C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

9.6 10 10.4 

V 

l 0 = 5 mA to 1 A, V, = 12.5 V to 25 V, 

P < 15 W 

0°C to 125°C 

9.5 10 10.5 

Input regulation 

V| = 12.5 V to 28 V 

25° C 

7 200 

mV 

V| = 14 V to 20 V 

2 100 

Ripple rejection 

V| = 13 V to 23 V, f = 120 Hz 

0°C to' 125° C 

55 71 

dB 

Output regulation 

lO = 5 mA to 1.5 A 

25° C 

12 200 

mV 

lO = 250 mA to 750 mA 

4 100 

Output resistance 

f = 1 kHz 

0°C to 1 25° C 

0.018 

SI 

Temperature coefficient 

of output voltage 

lO = 5 mA 

0°C to 1 25° C 

-1.0 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

70 

mV 

Dropout voltage 

l 0 = 1 A 

25° C 

2.0 

V 

Bias current 


25° C 

4.3 8 

mA 

Bias current change 

V| = 12.5 V to 28 V 

0°C to 1 25° C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

400 

mA 

Peak output current 


25° C 

2.2 

A 


uA7812C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7812C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

11.5 12 12.5 

V 

Iq = 5 mA to 1 A, V| = 14.5 V to 27 V, 

P < 15 W 

0°C to 125°C 

11.4 12.6 

Input regulation 

V| = 14.5 V to 30 V 

25° C 

10 240 

mV 

V| = 16 V to 22 V 

3 120 

Ripple rejection 

V| = 1 5 V to 25 V, f = 120 Hz 

0°C to 1 25° C 

55 71 

dB 

Output regulation 

Iq = 5 mA to 1.5 A 

25° C 

12 240 

mV 

Iq = 250 mA to 750 mA 

4 120 

Output resistance 

f = 1 kHz 

0°C to 1 25° C 

0.018 

n 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

0°C to 1 25° C 

-1.0 

mVf C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

75 

mV 

Dropout voltage 

l 0 = 1 A 

25° C 

2.0 

V 

Bias current 


25° C 

4.3 8 

mA 

Bias current change 

V| = 14.5 V to 30 V 

0°C to 1 25° C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

350 

mA 

Peak output current 


25° C 

2.2 

A 


^ All characteristics are measured with a capacitor across the input of 0.33 fiF and a capacitor across the output of 0.1 y.F. All character- 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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Voltage Regulators 


TYPES UA7815C, uA7818C 
POSITIVE-VOLTAGE REGULATORS 


uA7815C electrical characteristics at specified virtual junction temperature, 
Vj = 23 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7815C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

14.4 15 15.6 

V 

1(3 = 5 mA to 1 A, V| = 17.5 V to 30 V, 

P< 15 W 

0°C to 1 25° C 

14.25 15.75 

Input regulation 

Vj = 17.5 V to 30 V 

25° C 

o 

o 

00 

mV 

V| = 20 V to 26 V 

3 150 

Ripple rejection 

V| = 18.5 V to 28.5 V, f=120Hz 

0°C to 1 25° C 

54 70 

dB 

Output regulation 

1(3 = 5 mA to 1.5 A 

25° C 

12 300 

mV 

1(3 = 250 mA to 750 mA 

4 150 

Output resistance 

f = 1 kHz 

0°C to 1 25° C 

0.019 

ft 

Temperature coefficient 

of output voltage 

1(3 = 5 mA 

0°C to 1 25° C 

-1.0 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

90 

juV 

Dropout voltage 

10 = 1 A 

25° C 

2.0 

V 

Bias current 


25° C 

4.4 8 

mA 

Bias current change 

V| = 17.5 V to 30 V 

0°C to 1 25° C 

1 

mA 

1(3 = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

230 

mA 

Peak output current 


25° C 

2.1 

A 


uA7818C electrical characteristics at specified virtual junction temperature, 
V| = 27 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7818C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

17.3 18 18.7 

V 

l 0 = 5 mA to 1 A, V| = 21 V to 33 V, 

P< 15 W 

0°C to 1 25° C 

17.1 18.9 

Input regulation 

V| = 21 V to 33 V 

25° C 

15 360 

mV 

V| =24 V to 30 V 

5 180 

Ripple rejection 

V[ = 22 V to 32 V, f = 1 20 Hz 

0°C to 1 25° C 

53 69 

dB 

Output regulation 

1(3 = 5 mA to 1 .5 A 

25° C 

12 360 

mV 

Iq = 250 mA to 750 mA 

4 180 

Output resistance 

f = 1 kHz 

0°C to 125°C 

0.022 

ft 

Temperature coefficient 
of output voltage 

1(3 = 5 mA 

0°C to 125°C 

-1.0 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

110 

mV 

Dropout voltage 

l 0 = 1 A 

25° C 

2.0 

V 

Bias current 


25° C 

4.5 8 

mA 

Bias current change 

V| = 21 V to 33 V 

0°C to 125°C 

1 

mA 

1(3 = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

200 

mA 

Peak output current 


25° C 

2.1 

A 


* All characteristics are measured with a capacitor across the input of 0.33 juF and a capacitor across the output of 0.1 juF. All character- 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5 %). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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TYPES UA7822C, uA7824C 
POSITIVE-VOLTAGE REGULATORS 


uA7824C electrical characteristics at specified virtual junction temperature, 
V| = 33 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7824C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

23 24 25 

V 

IO = 5mAto1A, V| = 27 V to 38 V, 

P< 15 W 

0°C to 125°C 

22.8 25.2 

Input regulation 

V| = 27 V to 38 V 

25° C 

18 480 

mV 

V| = 30 Vto36 V 

6 240 

Ripple rejection 

V| = 28 V to 38 V, f = 120 Hz 

0°C to 125°C 

50 66 

dB 

Output regulation 

l<3 = 5 mA to 1.5 A 

25° C 

12 480 

mV 

1(3 = 250 mA to 750 mA 

4 240 

Output resistance 

f = 1 kHz 

0°C to 1 25° C 

0.028 

n 

Temperature coefficient 

of output voltage 

lO = 5 mA 

0°C to 125°C 

-1.5 

mV/° C 

Output noise voltage 

f= 10 Hz to 100 kHz 

25° C 

170 

mV 

Dropout voltage 

1 0 = 1 A 

25° C 

2.0 

V 

Bias current 


25° C 

CO 

CD 

mA 

Bias current change 

V| = 27 V to 38 V 

0°C to 1 25° C 

1 

mA 

Iq = 5 mA to 1 A 

0.5 

Short-circuit output current 


25° C 

150 

mA 

Peak output current 


25° C 

2.1 

A 


^ All characteristics are measured with a capacitor across the input of 0.33 juF and a capacitor across the output of 0.1 J uF. All character- 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage 
changes due to changes in interna! temperature must be taken into account separately. 
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6-182 


83 



LINEAR 

INTEGRATED 

CIRCUITS 


SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 

D2203, JANUARY 1976-REVISED AUGUST 1983 


• 3-Terminal Regulators 

• Output Current up to 100 mA 

• No External Components 

• Internal Thermal Overload Protection 

• Unusually High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Direct Replacement for Fairchild /tA78L00 
Series 


NOMINAL 

5% 

10% 

OUTPUT 

OUTPUT VOLTAGE 

OUTPUT VOLTAGE 

VOLTAGE 

TOLERANCE 

TOLERANCE 

2.6 V 

UA78L02AC 

UA78L02C 

5 V 

UA78L05AC 

UA78L05C 

6.2 V 

UA78L06AC 

UA78L06C 

8 V 

UA78L08AC 

UA78L08C 

9 V 

UA78L09AC 

UA78L09C 

10 V 

UA78L10AC 

UA78L10C 

12 V 

UA78L12AC 

UA78L12C 

15 V 

UA78L15AC 

UA78L15C 


description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. In 
addition, they can be used with power-pass elements 
to make high-current voltage regulators. One of these 
regulators can deliver up to 1 00 mA of output current. 
The internal current limiting and thermal shutdown 
features of these regulators make them essentially 
immune to overload. When used as a replacement for 
a Zener-diode— resistor combination, an effective 
improvement in output impedance of typically two 
orders of magnitude can be obtained together with 
lower-bias current. 


schematic 


JG 

DUAL IN-LINE PACKAGE 


LP 

SILECT PACKAGE 


(TOP VIEW) 


(TOP VIEW) 


INPUTS 
NCC 
NCC 
NC [[ 


1 U 8 

2 7 

3 6 

4 5 


J OUTPUT 

Unc 

U COMMON 

Unc 


C jj INPUT 

n COMMON 

[] OUTPUT 



TO-226AA 


i 


OCI 


NC — No internal connection 



Resistor values shown are nominal 
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Voltage Regulators 


SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 



UA78L02AC, uA78L02C 

THRU 

UA78L10AC. UA78L10C 

UA78L12AC, UA78L12C 

UA78L15AC, uA78L15C 

UNIT 

Input voltage 

30 

35 

V 

Continuous total dissipation at 25 °C free-air 
temperature (see Note 1 ) 

JG package 

825 

825 

mW 

LP package 

775 

775 

Continuous total dissipation at (or below) 25 °C case temperature 
(see Note 1) 

1600 

1600 

mW 

Operating free-air, case, or virtual junction temperature range 

0 to 1 50 

0 to 1 50 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

260 

260 

°C 


NOTE 1: For operation above 25 °C free-air temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal 
overload protection may be activated at power levels slightly above or below the rated dissipation. 


6 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

1000 

5 900 
E 

± 800 

0 

'§ 700 

Q. 

| 600 

1 500 

3 

| 400 

o 

^ 300 

| 200 

'x 
to 

S 100 
0 

25 50 75 100 125 150 

Ta— F ree-Air Temperature— °C 
FIGURE 1 



CASE TEMPERATURE 



)l i i i I 31 

25 50 75 100 125 150 


Tq— C ase Temperature— °C 

FIGURE 2 


NOTE 2: This curve for the LP package is based on thermal resistance, R#ja, measured in still air with the device mounted in an. Augat socket. The bottom 
of the package was 3/8 inch above the socket. 


recommended operating conditions 


1 

MIN 

MAX 

UNIT 


UA78L02C, UA78L02AC 

4.75 

20 



UA78L05C, UA78L05AC 

7 

20 


• 

UA78L06C, UA78L06AC 

8.5 

20 


Input voltage, V| 

UA78L08C, UA78L08AC 

10.5 

23 


UA78L09C, UA78L09AC 

11.5 

24 



UA78L10C, UA78L10AC 

12.5 

25 



UA78L12C, UA78L12AC 

14.5 

27 



UA78L15C, UA78L15AC 

17.5 

30 


Output current, Iq 

100 

mA 

Operating virtual junction temperature, Tj 

0 

125 

°C 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature, 
V| = 9 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA78L02AC 

UA78L02C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25 °C 

2.5 2.6 2.7 

2.4 2.6 2.8 

V 

V, = 4.75 V to 20 V, l 0 = 1 mA to 40 mA 

0°C to 1 25 °C 

2.45 2.75 

2.35 2.85 

Iq = 1 mA to 70 mA 

2.45 2.75 

2.35 2.85 

Input regulation 

V| = 4.75 V to 20 V 

25°C 

20 100 

20 125 

mV 

V| = 5 V to 20 V 

16 75 

16 100 

Ripple rejection 

V| = 6 V to 16 V, f = 120 Hz 

25 °C 

43 51 

42 51 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

12 50 

12 50 

mV 

Iq = 1 mA to 40 mA 

6 25 

6 25 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

30 

30 

M V 

Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

3.6 6 

3.6 6 

mA 

1 25 °C 

5.5 

5.5 

Bias current change 

V| = 5 V to 20 V 

0°C to 125°C 

2.5 

2.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


uA78L05AC, uA78L05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS * 

UA78L05AC 

UA78L05C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25 °C 

4.8 5 5.2 

4.6 5 5.4 

V 

V| = 7 V to 20 V, <0 = 1 mA to 40 mA 

0°C to 1 25 °C 

4.75 5.25 

4.5 5.5 

Iq = 1 mA to 70 mA 

4.75 5.25 

4.5 5.5 

Input regulation 

V| = 7 V to 20 V 

25°C 

32 150 

32 200 

mV 

V| = 8 V to 20 V 

26 100 

26 150 

Ripple rejection 

V| = 8 V to 18 V, f = 120 Hz 

25°C 

41 49 

40 49 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

15 60 

15 60 

mV 

Iq = 1 mA to 40 mA 

8 30 

00 

00 

o 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

42 

42 

MV 

Dropout voltage 


25 °C 

.1.7 

1.7 

V 

Bias current 


25 °C 

3.8 6 

3.8 6 

mA 

1 25°C 

5.5 

5.5 

Bias current change 

V| = 8 V to 20 V 

0°C to 1 25°C 

1.5 

1.5 

mA 

lg = 1 mA to 40 mA 

0.1 

0.2 


T All characteristics are measured with a capacitor across the input of 0.33 /*F and a capacitor across the output of 0.1 /tF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse tchniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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Voltage Regulators 


SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L06AC, uA78L06C electrical characteristics at specified virtual junction temperature, 
V| = 12 V, Iq =40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

UA78L06AC 

UA78L06C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25°C 

5.95 6.2 6.45 

5.7 6.2 6.7 

V 

V| = 8.5 V to 20 V, Iq = 1 mA to 40 mA 

0°C to 125°C 

5.9 6.5 

5.6 6.8 

Iq = 1 mA to 70 mA 

5.9 6.5 

5.6 6.8 

Input regulation 

V| = 8.5 V to 20 V 

25°C 

35 175 

35 200 

mV 

V| = 9 V to 20 V 

29 125 

29 150 

Ripple rejection 

V| = 10 V to 20 V, f = 120 Hz 

25 °C 

40 48 

39 48 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25°C 

o 

00 

CO 

o 

00 

CO 

mV 

Iq = 1 mA to 40 mA 

9 40 

9 40 

Output noise voltage 

f = 1 0 Hz to 1 00 kHz 

25 °C 

46 

46 

/cV 

Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

3.9 6 

3.9 6 

mA 

125°C 

5.5 

5.5 

Bias current change 

V| = 9 V to 20 V 

0°C to 1 25 °C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


UA78L08AC, uA78L08C electrical characteristics at specified virtual junction temperature, 
V| = 14 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS ^ 

UA78L08AC 

UA78L08C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25 °C 

7.7 8 8.3 

7.36 8 8.64 

V 

V| = 10.5 V to 23 V, l 0 = 1 mA to 40 mA 
Iq = 1 mA to 70 mA 

0°C to 1 25°C 

7.6 8.4 

7.2 8.8 

7.6 8.4 

7.2 8.8 

Input regulation 

V| = 10.5 V to 23 V 

25 °C 

42 175 

42 200 

mV 

V ( = 1 1 V to 23 V 

36 125 

36 150 

Ripple rejection 

V| = 13 V to 23 V, f = 120 Hz 

25°C 

37 46 

36 46 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25°C 

18 80 

18 80 

mV 

Iq = 1 mA to 40 mA 

10 40 

10 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

54 

54 


Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

4 6 

4 6 

mA 

1 25°C 

5.5 

5.5 

Bias current change 

V| = 1 1 V to 23 V 

0°C to 1 25°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


t All characteristics are measured with a capacitor across the input of 0.33 and a capacitor across the output of 0.1 /aF.' All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w s 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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uA78L09AC, uA78L09C electrical characteristics at specified virtual junction temperature, 
V| = 16 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

uA78L09AC 

UA78L09C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25 °C 

8.6 9 9.4 

8.3 9 9.7 

V 

V| = 1 2 V to 24 V, l 0 = 1 mA to 40 mA 

0°C to 1 25°C 

8.55 9.45 

CO 

CD 

CD 

Iq = 1 m A to 70 mA 

8.55 9.45 

8.1 9.9 

Input regulation 

V| = 12 V to 24 V 

25 °C 

45 175 

45 225 

mV 

V| = 1 3 V to 24 V 

40 125 

40 175 

Ripple rejection 

V| = 13 V to 24 V, f = 120 Hz 

25 °C 

37 45 

36 45 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

CO 

CO 

o 

19 90 

mV 

Iq = 1 rnA to 40 mA 

11 40 

11 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

58 

58 


Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

CD 

4.1 6 

mA 

1 25°C 

5.5 

5.5 

Bias current change 

V| = 13 V to 24 V 

0°C to 1 25°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


uA78L10AC, uA78L10C electrical characteristics at specified virtual junction temperature, 
V[ = 17 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS f 

UA78L10AC 

UA78L10C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25 °C 

9.6 10 10.4 

9.2 10 10.8 

V 

V| = 13 V to 25 V, Iq = 1 mA to 40 mA 

0°C to 125°C 

9.5 10.5 

9 10 

Iq = 1 mA to 70 mA 

9.5 10.5 

9 10 

Input regulation 

V| = 13 V to 25 V 

25 °C 

51 175 

51 225 

mV 

V| = 14 V to 25 V 

42 125 

42 175 

Ripple rejection 

V ( = 14 V to 25 V, f = 120 Hz 

25°C 

37 44 

36 44 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25 °C 

20 90 

20 90 

mV 

Iq = 1 mA to 40 mA 

11 40 

11 40 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

62 

62 


Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

4.2 6 

4.2 6 

mA 

1 25 °C 

5.5 

5.5 

Bias current change 

V| = 14 V to 25 V 

0°C to 1 25°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


t All characteristics are measured with a capacitor across the input of 0.33 /*F and a capacitor across the output of 0. 1 n F. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

UA78L12AC 

UA78L12C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25 °C 

11.5 12 12.5 

11.1 12 12.9 

V 

V| = 14.5 V to 27 V, Iq = 1 mA to 40 mA 

0°C to 1 25 °C 

11.4 12.6 

10.8 13.2 

Iq = 1 mA to 70 mA 

11.4 12.6 

10.8 13.2 

Input regulation 

V| = 14.5 V to 27 V 

25 °C 

55 250 

55 250 

mV 

V| = 16 V to 27 V 

49 200 

49 200 

Ripple rejection 

V| = 15 V to 25 V, f = 120 Hz 

25 °C 

37 42 

36 42 

dB 

Output regulation 

Iq — 1 m A to 100 mA 

25°C 

22 100 

22 100 

mV 

Iq = 1 mA to 40 mA 

13 50 

13 50 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

70 

70 


Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25 °C 

4.3 6.5 

4.3 6.5 

mA 

1 25°C 

6 

6 

Bias current change 

V| = 1 6 V to 27 V 

0°C to 125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

UA78L15AC 

UA78L15C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25 °C 

14.4 15 15.6 

13.8 15 16.2 

V 

V| = 17.5 V to 30 V, Iq = 1 mA to 40 mA 

0°C to 125°C 

14.25 15.75 

13.5 16.5 

Iq = 1 mA to 70 mA 

14.25 15.75 

13.5 16.5 

Input regulation 

V| = 17.5 V to 30 V 

25 °C 

65 300 

65 300 

mV 

Vj = 20 V to 30 V 

58 250 

58 250 

Ripple rejection 

V| = 18.5 to 28.5 V, f = 120 Hz 

25 °C 

34 39 

33 39 

dB 

Output regulation 

Iq = 1 mA to 100 mA 

25°C 

25 150 

25 150 

mV 

Iq = 1 mA to 40 mA 

15 75 

15 75 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

82 

82 

mV 

Dropout voltage 


25 °C 

1.7 

1.7 

V 

Bias current 


25°C 

4.6 6.5 

4.6 6.5 

mA 

1 25 °C 

6 

6 

Bias current change 

Vj = 10 V to 30 V 

0°C to 125°C 

1.5 

1.5 

mA 

Iq = 1 mA to 40 mA 

0.1 

0.2 


* All characteristics are measured with a capacitor across the input of 0.33 and a capacitor across the output of 0.1 ^ F. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 


6-188 


88 

Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 




LINEAR 

INTEGRATED 

CIRCUITS 


SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 

D221 4, JUNE 1976 — REVISED SEPTEMBER 1983 


■ • 3-Terminal Regulators 
I • Output Current up to 500 mA 
I • No External Components 
I • Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild /xA78M00 
Series and National LM78MXX and LM341 
Series 

description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 

terminal assignments 


NOMINAL - 55 °C to 1 50 °C 0 °C to 1 25 °C 

OUTPUT OPERATING OPERATING 

VOLTAGE TEMPERATURE RANGE TEMPERATURE RANGE 

5 V UA78M05M uA78M05C 

6 V UA78M06M uA78M06C 

8V UA78M08M UA78M08C 

10 V UA78M10M uA78M10C 

12 V UA78M12M UA78M12C 

15 V UA78M15M UA78M15C 

20 V UA78M20C 

24 V UA78M24C 



Resistor values shown are nominal and in ohms. 
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Voltage Regulators 


SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 




UA78M05M 

UA78M05C 




THRU 

THRU 

UNIT 



UA78M24M 

UA78M24C 


Input voltage 

uA78M20 thru uA78M24 


40 

v 

All others 

35 

35 


Continuous total dissipation at 25 °C free-air temperature 

JG package 

1.05 


w. 

(see Note 1 ) 

KC (TO-220AB) package 


2 

Continuous total dissipation at (or below) 25 °C case temperature 
(see Note 1 ) 

KC package 


7.5 

w 

Operating free-air, case, or virtual junction temperature range 

-55 to 150 

0 to 1 50 

°c 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 


°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

KC package 


260 

°c 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 through 3. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 


■ : i 

MIN 

MAX 

UNIT 


UA78M05M, uA78M05C 

7 

25 



UA78M06M, uA78M06C 

8 

25 



UA78M08M, uA78M08C 

10.5 

25 



UA78M10M, UA78M10C 

12.5 

28 


Input voltage, V| 

UA78M12M, UA78M12C 

14.5 

30 

V 


UA78M15M, UA78M15C 

17.5 

30 



UA78M20C 

23 

35 



UA78M24C 

27 

38 


Output current, lo 

All devices 

500 

mA 

Operating virtual junction temperature, Tj 

UA78M05M thru uA78M15M 

-55 

150 

°C 

UA78M05C thru uA78M24C 

0 

125 
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uA78M05M, uA78M05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS f 

UA78M05M 

UA78M05C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 

. 

25 °C 

4.8 5 5.2 

4.8 5 5.2 

V 

Iq = 5 mA to 350 mA 

V| = 8 V to 20 V 

- 55 °C to 1 50 °C 

4.7 5.3 


V| = 7 V to 20 V 

0°C to 1 25 °C 


4.75 5.25 

Input regulation 

Iq = 200 mA 

V| = 7 V to 25 V 

25 °C 

3 50 

3 100 

mV 

V| = 8 V to 20 V 

1 25 


V| = 8 V to 25 V 


1 50 

Ripple rejection 

V| = 8 V to 18 V, 

f = 1 20 Hz 

Iq = 100 mA 

- 55°C to 1 50 °C 

62 


dB 

0°C to 1 25 °C 


62 

Iq = 300 mA 

25°C 

62 80 

o 

co 

CM 

CD 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

20 50 

20 100 

mV 

Iq = 5 mA to 200 mA 

10 25 

10 50 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

— 55 °C to 25 °C 

-2 


mV/°C 

25 °C to 1 50 °C 

-1.5 


0°C to 1 25 °C 


-1 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

40 200 

40 200 


Dropout voltage 


25°C 

2 2.5 

2 2.5 

V 

Bias current 


25°C 

4.5 7 

4.5 6 

mA 

Bias current change 

Iq = 200 mA, V| = 8 V to 25 V 

- 55 °C to 1 50 °C 

0.8 


mA 

0°C to 1 25 °C 


0.8 

Iq = 5 mA to 350 mA 

- 55 °C to 1 50 °C 

0.5 


0°C to 1 25 °C 


0.5 

Short-circuit 

output current 

V| - 35 V 

25°C 

300 600 

300 

mA 

Peak output current 


25 °C 

0.5 0.7 1,4 

0.7 

A 


^ All characteristics are measured with a capacitor across the input of 0.33 /iF and a capacitor across the output of 0.1 fiF. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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uA78M06M, uA78M06C electrical characteristics at specified virtual junction temperature, 
V| = 1 1 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

UA78M06M 

UA78M06C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 



25 °C 

5.75 6 6.25 

5.75 6 6.25 

V 

Output voltage 

Iq = 5 mA to 350 mA 

V| = 9 V to 21 V 

- 55 °C to 1 50 °C 

5.7 6.3 


V| = 8 V to 21 V 

0°C to 1 25 °C 


5.7 6.3 

Input regulation 

Iq = 200 mA 

V| = 8 V to 25 V 

25 °C 

o 

to 

LO 

5 100 

mV 

V| = 9 V to 20 V 

o 

00 

in 


V| = 9 V to 25 V 


1.5 50 

Ripple rejection 

V| = 9 V to 1 9 V, 
f = 120 Hz 

Iq = 100 mA 

-55 °C to 1 50 °C 

59 


dB 

0°C to 1 25 °C 


59 

Iq - 300 mA 

25 °C 

59 80 

59 80 

Output regulation 

Iq = 5 mA to 500 mA 

25 °C 

20 60 

20 120 

mV 

Iq = 5 mA to 200 mA 

10 30 

10 60 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

-55°C to 25 °C 

-2.4 


mV/°C 

25 °C to 1 50 °C 

-1.8 


0°C to 1 25°C 


-1 

Output noise voltage 

f = 10 Hz to 100 kHz 

25°C 

45 240 

45 

mV 

Dropout voltage 


25 °C 

2 2.5 

2 

V 

Bias current 


25 °C 

4.5 7 

4.5 6 

mA 

Bias current change 

Iq = 200 mA, V| = 9 V to 25 V 

- 55 °C to 1 50 °C 

0.8 


mA 

0°C to 1 25 °C 


0.8 

Iq = 5 mA to 350 mA 

- 55 °C to 1 50 °C 

0.5 


0°C to 1 25°C 


0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

270 600 

270 

mA 

Peak output current 


25 °C 

o 

CJl 

o 

0.7 

A 


All characteristics are measured with a capacitor across the input of 0.33 /*F and a capacitor across the output of 0.1 pF. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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uA78M08M, uA78M08C electrical characteristics at specified virtual junction temperature, 
V| = 14 V, Iq = 350 mA (unless otherwise noted) 


Output voltage 

Input regulation 

Ripple rejection 

Output regulation 

Temperature coefficient 
of output voltage 

Output noise voltage 
Dropout voltage 
Bias current 

Bias current change 

Short-circuit 
output current 
Peak output current 


Iq = 5 mA to 350 mA 
Iq = 200 mA 


V| = 11.5 V to 23 V 
V| = 10.5 V to 23 V 
V t = 10.5 V to 25 V 
V| = 1 1 V to 20 V 
V| = 1 1 V to 25 V 


25°C 

- 55°C to 1 50 °C 
0°C to 1 25 °C 


V| = 1 1 .5 V to 21 .5 V, l 0 = 100 mA 

f = 1 20 Hz 

Iq = 300 mA 

Iq = 5 mA to 500 mA 
Iq = 5 mA to 200 mA 


Iq = 5 mA 

f = 10 Hz to 100 kHz 

Iq es 200 mA, 

Iq = 5 mA to 350 mA 
Vi = 35 V 


V| = 11.5 V to 25 V 
V| = 10.5 V to 25 V 


- 55 °C to 1 50 °C 

56 



0°C to 1 25 °C 


56 

dB 

25 °C 

56 80 

56 80 


?R°r 

25 80 

25 160 



10 40 

10 80 


- 55 °C to 25 °C 

-3.2 



25 °C to 1 50 °C 

-2.4 


mV/°C 

0°C to 1 25 °C 


- 1 


25°C 

52 320 

52 

MV 

25°C 

2 2.5 

2 

V 

25 °C 

4.6 7 

4.6 6 

mA 

- 55°C to 1 50 °C 

0.8 



0°C to 1 25°C 


0.8 

mA 

- 55 °C to 1 50 °C 

0.5 



0°C to 1 25 °C 


0.5 


25 °C 

250 600 

250 

mA 

25 °C 

0.5 0.7 1.4 

0.7 

A 


I - All characteristics are measured with a capacitor across the input of 0.33 /tF and a capacitor across the output of 0.1 /*F. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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uA78M10M, uA78M10C electrical characteristics at specified virtual junction temperature, 
V| = 17 V, lo = 350 mA (unless otherwise noted) 

I I 7 I uA78M10M 

PARAMETER TEST CONDITIONS f — — 


Output voltage 

Input regulation 

Ripple rejection 

Output regulation 

Temperature coefficient 
of output voltage 

Output noise voltage 
Dropout voltage 
Bias current 

Bias current change 

Short-circuit 
output current 
Peak output current 


lO = 5 mA to 350 mA 

Iq = 200 mA 

V| = 1 5 V to 25 V, 
f = 120 Hz 

Iq = 5 mA to 500 mA 
lO = 5 mA to 200 mA 

Iq = 5 mA 

f = 10 Hz to 100 kHz 

Iq = 200 mA, 

lO = 5 mA to 350 mA 

V| = 35 V 


V| = 12.5 V to 28 V 
V| = 14 V to 20 V 
V| = 14 V to 28 V 

lo = 100 mA 
Iq = 300 mA 


V| = 13.5 V to 28 V 



MIN TYP MAX 

MIN TYP MAX 

o 

0 

LO 

CM 

9.6 10 10.4 

9.6 10 10.4 

— 55 °C to 1 50 °C 

9.5 10.5 


0°C to 1 25 °C 


9.5 10.5 


7 60 

7 100 

25 °C 

o 

00 

CM 




2 50 

-55 °C to 1 50 °C 

55 


0°C to 125°C 


55 

25 °C 

CJI 

U1 

00 

o 

55 80 

25 °C 

o 

o 

LO 

CM 

25 200 


10 50 

10 100 

- 55 °C to 25 °C 

— 4 


25 °C to 1 50 °C 

-3 


0°C to 1 25 °C 


-1 

25 °C 

64 

64 

25 °C 

2 2.5 

2 

25 °C 

4.7 6 

4.7 6 

- 55 °C to 1 50 °C 

0.8 


0°C to 1 25 °C 


0.8 

- 55 °C to 1 50 °C 

0.5 


0°C to 1 25°C 


0.5 

N> 

CJ1 

o 

O 

245 600 

245 

25°C 1 

0.5 0.7 1.4 

0.7 


T All characteristics are measured with a capacitor across the input of 0.33 /tF and a capacitor across the output of 0.1 /*F. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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UA78M12M, uA78M12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

UA78M12M 

UA78M12C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 

1 

25°C 

11.5 12 12.5 

11.5 12 12.5 

V 

lO = 5 mA to 350 mA 

V| = 15.5 V to 27 V 

- 55 °C to 1 50 °C 

11.4 12.6 


V| = 14.5 V to 27 V 

0°C to 1 25 °C 


11.4 12.6 

Input regulation 

Iq = 200 mA 

V| = 14.5 V to 30 V 

25 °C 

8 60 

8 100 

mV 

V| = 16 V to 25 V 

2 30 


V| = 1 6 V to 30 V 


2 50 

Ripple rejection 

V| = 15 V to 25 V, 
f = 120 Hz 

Iq = 100 mA 

- 55°C to 1 50 °C 

55 


dB 

0°C to 1 25°C 


55 

Iq = 300 mA 

25 °C 

55 80 

55 80 

Output regulation 

lO = 5 mA to 500 mA 

25°C 

25 120 

25 240 

mV 

l<3 = 5 mA to 200 mA 

10 60 

10 120 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

-55°C to 25 °C 

-4.8 


mV/°C 

25 °C to 1 50 °C 

-3.6 


0°C to 1 25 °C 


-1 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

75 480 

75 

mV 

Dropout voltage 


25 °C 

2 2.5 

2 

V 

Bias current 


25 °C 

4.8 7 

CO 

00 

mA 

Bias current change 

Iq = 200 mA, 

V| = 1 5 V to 30 V 

- 55 °C to 1 50 °C 

0.8 


mA 

V| = 14.5 V to 30 V 

0°C to 1 25 °C 


0.8 

Iq = 5 mA to 350 mA 

- 55 °C to 1 50 °C 

0.5 


0°C to 1 25 °C 


0.5 

Short-circuit 

output current 

V| = 35 V 

25 °C 

240 600 

240 

mA 

Peak output current 


25 °C 

0.5 0.7 1.4 

0.7 

A 


All characteristics are measured with a capacitor across the input of 0.33 /tF and a capacitor across the output of 0.1 #iF. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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uA78M15M, uA78M15C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, lo = 350 mA (unless otherwise noted) 

I uA78mT5M 

PARAMETER TEST CONDITIONS f — — — — — — 


Output voltage 

Input regulation 

Ripple rejection 

Output regulation 

Temperature coefficient 
of output voltage 

Output noise voltage 
Dropout voltage 
Bias current 

Bias current change 

Short-circuit 
output current 
Peak output current 


Iq = 5 mA to 350 mA 
Iq = 200 mA 


V| = 17.5 V to 30 V 
V| = 20 V to 30 V 


V| = 18.5 V to 28.5 V, l 0 = 100 mA 

f=120Hz 1 ™ — — 

Iq = 300 mA 

Iq = 5 mA to 500 mA 
Iq = 5 mA to 200 mA 

Iq = 5 mA 

f = 10 Hz to 100 kHz 

Vi = 18.5 V to 

l 0 = 200 mA, — 1 — 

u V| = 17.5 V to 

Iq = 5 mA to 350 mA 
V| - 35 V 



UA78M15M 

UA78M15C 


MIN TYP MAX 

MIN TYP MAX 

25°C 

14.4 15 15.6 

14.4 15 15.6 

-55°C to 1 50 °C 

14.25 15.75 


0°C to 1 25 °C 


14.25 15.75 


10 60 

10 100 


o 

00 

00 

3 50 

- 55 °C to 1 50 °C 

54 


0°C to 125°C 


54 

25 °C 

54 70 

54 70 

25 °C 

25 150 

25 300 


10 75 

10 150 

- 55°C to 25 °C 

-6 


25 °C to 1 50 °C 

-4.5 


0°C to 1 25°C 


- 1 

U 

o 

LO 

CM 

90 600 

90 

25 °C 

2 2.5 

2 

25 °C 

4.8 7 

4.8 6 

- 55 °C to 1 50 °C 

0.8 


0°C to 1 25 °C 


0.8 

-55°C to 1 50 °C 

0.5 


0°C to 1 25 °C 


0.5 

25 °C 

240 600 

240 

25 °C 

0.5 0.7 1.4 

0.7 


*AII characteristics are measured with a capacitor across the input of 0.33 fiF and a capacitor across the output of 0.1 All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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uA78M20C electrical characteristics at specified virtual junction temperature, 
V| = 29 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

uA78M20C 

UNIT 

MIN TYP MAX 

Output voltage 

_ 

25 °C 

19.2 20 20.8 

V 

Iq = 5 mA to 350 mA, 

V| = 23 V to 35 V 

0°C to 1 25 °C 

19 21 

Input regulation 

Iq = 200 mA 

V| = 23 V to 35 V 

25 °C 

10 100 

mV 

V| = 24 V to 35 V 

5 50 

Ripple rejection 

V| = 24 V to 34 V, 
f = 120 Hz 

Iq = 100 mA 

0°C to 1 25 °C 

53 

dB 

Iq = 300 mA 

25 °C 

53 70 

Output regulation 

Iq = 5 mA to 500 mA 

O 

o 

in 

CM 

30 400 

mV 

Iq = 5 mA to 200 mA 

10 200 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 1 25 °C 

-1.1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

110 

aV 

Dropout voltage 


25 °C 

2 

V 

Bias current 


.. 25°C 

^ 4~9 6 

mA 

Bias current change 

l 0 = 200 mA, V| = 23 V to 35 V 

0°C to 1 25 °C 

0.8 

mA 

Iq = 5 mA to 350 mA 

0°C to 1 25°C 

0.5 

Short-circuit 

output current 

V| = 35 V 

25°C 

240 

mA 

Peak output current 


25 °C 

0.7 

A 


*AII characteristics are measured with a capacitor across the input of 0.33 /iF and a capacitor across the output of 0.1 /iF. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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uA78M24C electrical characteristics at specified virtual junction temperature, 
V| = 33 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

i 

TEST CONDITIONS* 

UA78M24C 

UNIT 

MIN TYP MAX 

Output voltage 


25°C 

23 24 25 

V 

Iq = 5 mA to 350 mA, 

V| = 27 V to 38 V 

0°C to 125°C 

22.8 25.2 

Input regulation 

Iq = 200 mA 

V| = 27 V to 38 V 


10 100 

mV 

V| = 28 V to 38 V 

5 50 

Ripple rejection 

V| = 28 V to 38 V, 
f = 1 20 Hz 

Iq = 100 mA 

— 55°C to 150°C 


dB 

0°C to 125°C 

50 

Iq = 300 mA 

25 °C 

cn 

O 

<1 

o 

Output regulation 

Iq = 5 mA to 500 mA 

25°C 

30 480 

mV 

Iq = 5 mA to 200 mA 

10 240 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 1 25 °C 

-1.2 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25 °C 

170 

AV 

Dropout voltage 


25 °C 

2 

V 

Bias current 


25 °C 

5 6 

mA 

Bias current change 

l 0 = 200 mA, V| = 27 V to 38 V 

0°C to 1 25 °C 

0.8 

mA 

Iq = 5 mA to 350 mA 

0°C to 1 25 °C 

0.5 

Short-circuit 

output current 

V ( = 35 V 

25 °C 

240 

mA 

Peak output current 


25 °C 

0.7 

A 


*AII characteristics are measured witn a capacitor across the input of 0.33 **F and a capacitor across the output of 0.1 /*F. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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TYPE UA78M24C 
POSITIVE-VOLTAGE REGULATOR 



SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 


THERMAL INFORMATION 


KC PACKAGE 
FREE-AIR TEMPERATURE 



25 50 75 100 125 150 

TA-Free-Air Temperature- 0 C 



E 

D 

E 

x 

m 

2 


KC PACKAGE 
CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
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Tc— Case Temperature— °C 


FIGURE 1 FIGURE 2 

JG PACKAGE 
CASE TEMPERATURE 



25 50 75 100 125 150 


Ta— F ree-Air Temperature— °C 


FIGURE 3 
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6-200 


LINEAR 

INTEGRATED 

CIRCUITS 


SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 

D2215, JUNE 1976 — REVISED AUGUST 1983 


• 3-Terminal Regulators 

• Output Current up to 1 .5 A 

• No External Components 

• Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Essentially Equivalent to National LM320 Series 

• Direct Replacements for Fairchild /xA7900 Series 
and National LM79XX Series 


NOMINAL 

OUTPUT 

VOLTAGE 

REGULATOR 

-5 V 

UA7905C 

-5.2 V 

UA7952C 

-6 V 

UA7906C 

-8 V 

UA7908C 

-12 V 

UA7912C 

-15 V 

UA7915C 

-18 V 

UA7918C 

-24 V 

UA7924C 


description 

This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA7800 in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 

schematic 

5 V to 8 V 12 V to 18 V 

COMMON 


5 kft 


6 


-f— OUTPUT 
6.2 V 


J20 kft 
0.2 S2 



KC PACKAGE 


(TOP VIEW) 


THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 



All component values are nominal. 
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Voltage Regulators 


SERIES UA7900 

NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 



UA7905C 

THRU 

UA7924C 

UNIT 

Input voltage 

UA7924C 

-^0 

V 

All others 

-35 

Continuous total dissipation at 25° C free-air temperature (see Note 1) 

2 

w 

Continuous total dissipation at (or below) 25° C case temperature (see Note 1) 

15 

w 

Operating free-air, case, or virtual junction temperature range 

0 to 150 

°c 

Storage temperature range 

-65 to 150 

°c 

Lead temperature 3,2 mm (1/8 inch) from case for 10 seconds 

260 

°c 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 


v 





\ 






v 





\ 






\ 





\ 






\ 


_ Deratini 

R0JA* 

3 factor = 

‘ 62.5°C/V 

16 mW/° 
N 

o \ 



\ 





\ 


25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


150 


CASE TEMPERATURE 



25 50 75 100 125 150 

Tq— C ase Temperature— °C 



FIGURE 1 FIGURE 2 

recommended operating conditions 


1 

MIN 

MAX 

UNIT 


UA7905C 

-7 

-25 



UA7952C 

-7.2 

-25 



UA7906C 

-8 

-25 



UA7908C 

-10.5 

-25 


Input voltage, V| 

UA7912C 

-14.5 

-30 

V 


UA7915C 

-17.5 

-30 



UA7918C 

-21 

-33 



UA7924C 

-27 

-38 


Output current, Iq 

1.5 

A 

Operating virtual junction temperature, Tj 

0 

125 

°C 


88 : 

6-202 Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 





TYPES UA7905C, uA7952C 
NEGATIVE-VOLTAGE REGULATORS 


uA7905C electrical characteristics at specified virtual junction temperature, 
V| = — 10 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

uA7905C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

-4.8 -5 -5.2 

V 

l 0 = 5 mA to 1 A, V| = -7 V to -20 V, 

P < 15 W 

0°C to 125°C 

-4.75 -5.25 

Input regulation 

V| = -7 V to -25 V 

25° C 

1 2.5 50 

mV 

V| = -8 V to -12 V 

4 15 

Ripple rejection 

V| = -8 V to -18 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1 .5 A 

25° C 

15 100 

mV 

Iq = 250 mA to 750 mA 

5 50 

Temperature coefficient 
of output voltage 

Iq - 5 mA 

0°C to 125°C 

-0.4 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

125 

MV 

Dropout voltage 

l 0 = 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

1.5 2 ' 

mA 

Bias current change 

V| = -7 V to -25 V 

0°C to 125°C 

0.15 0.5 

mA 

Iq = 5 mA to 1 A 

0.08 0.5 

Peak output current 


25° C 

2.1 

A 


uA7952C electrical characteristics at specified virtual junction temperature, 
V| = — 10 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS t 

UA7952C 

UNIT 

MIN TYP 

MAX 



25° C 

-5 -5.2 

-5.4 


Output voltage 

l 0 = 5 mA to 1 A, V| = -7.2 V to -20 V, 

P < 15 W 

0°C to 1 25° C 

-4.95 

-5.45 

V 

Input regulation 

V | = —7.2 V to -25 V 

25° C 

12.5 

100 

mV 

V| = -8.2 V to -12 V 

4 

50 

Ripple rejection 

V| = -8.2 V to -18 V, f = 1 20 H z 

0°C to 1 25° C 

o 

CO 

ID 

dB 

Output regulation 

1(3 = 5 mA to 1 .5 A 

25° C 

15 

100 

mV 

1(3 = 250 mA to 750 mA 

5 

50 

Temperature coefficient 

of output voltage 

1(3 = 5 mA 

0°C to 125°C 

-0.4 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

125 

MV 

Dropout voltage 

l 0 = 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

1.5 

2 

mA 

Bias current change 

V| = -7.2 V to -25 V 

0°C to 125°C 

0.15 

1.3 

mA 

Iq = 5 mA to 1 A 

0.08 

0.5 

Peak output current 


25° C 

2.1 

A 


^ All characteristics are measured with a solid-tantalum capacitor across the input of 2 /iF and a solid-tantalum capacitor across the output of 1 /* F. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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Voltage Regulators 


TYPES UA7906C, uA7908C 
NEGATIVE-VOLTAGE REGULATORS 


uA7906C electrical characteristics at specified virtual junction temperature, 
V| = — 11 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1- 

UA7906C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

-5.75 -6 -6.25 

V 

IO = 5mAto1A, V| = -8 V to -21 V, 

P < 15 W 

0°C to 125°C 

-5.7 -6.3 

Input regulation 

V, = -8 V to -25 V 

25° C 

12.5 120 

mV 

V| = — 9 V to -13 V 

4 60 

Ripple rejection 

V | = —9 V to —19 V, f= 120 Hz 

0°C to 1 25° C 

54 60 

dB 

Output regulation 

lO = 5 mA to 1 .5 A 

25° C 

15 120 

mV 

Iq = 250 mA to 750 mA 

5 60 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

0°C to 1 25° C 

-0.4 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

150 

pV 

Dropout voltage 

l 0 = 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

1.5 2 

mA 

Bias current change 

V| = -8 V to -25 V 

0°C to 125°C 

0.15 1.3 

mA 

Iq = 5 mA to 1 A 

0.08 0.5 

Peak output current 


25° C 

2.1 

A 


uA7908C electrical characteristics at specified virtual junction temperature, 
V| = — 14 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1- 

UA7908C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

CO 

CO 

1 

CO 

1 

t"- 

r< 

1 

V 

Iq = 5 mA to 1 A, V| = -1 0.5 V to -23 V, 

P < 1 5 W 

0°C to 1 25° C 

-7.6 -8.4 

Input regulation 

V| = -10.5 V to -25 V 

25° C 

12.5 160 

mV 

V| = -11 V to -17 V 

4 80 

Ripple rejection 

V| = -11.5 V to -21.5 V # f= 120Hz 

0°C to 1 25° C 

54 60 

dB 

Output regulation 

lO = 5 mA to 1 .5 A 

25° C 

o 

CD 

lO 

mV 

lO = 250 mA to 750 mA 

O 

00 

in 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

0°C to 125°C 

-0.6 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

200 

mV 

Dropout voltage 

l 0 = 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

1.5 2 

mA 

Bias current change 

V| = -10.5 V to -25 V 

0°C to 125°C 

0.15 1 

mA 

Iq = 5 mA to 1 A 

0.08 0.5 

Peak output current 


25° C 

2.1 

A 


^ All characteristics are measured with a solid-tantalum capacitor across the input of 2 and a solid-tantalum capacitor across the output of 1 juF. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES UA7912C, uA7915C 
NEGATIVE-VOLTAGE REGULATORS 


uA7912C electrical characteristics at specified virtual junction temperature, 
V, = — 19 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7912C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

-11.5 -12 -12.5 

V 

IO = 5mAto1 A, V| = -14.5 V to -27 V, 

P < 15 W 

0°C to 125°C 

-11.4 -12.6 

Input regulation 

V| = -14.5 V to -30 V 

25° C 

o 

CO 

in 

mV 

V| = -16 V to -22 V 

3 30 

Ripple rejection 

V| = -15 V to -25 V, f= 120 Hz 

0°C to 1 25° C 

54 60 

dB 

Output regulation 

1(3 = 5 mA to 1 .5 A 

25° C 

o 

o 

CM 

in 

mV 

lO = 250 mA to 750 mA 

5 75 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

0°C to 1 25° C 

-0.8 

mV/° C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

300 

mV 

Dropout voltage 

Iq = 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

2 3 

mA 

Bias current change 

V| = -14.5 V to -30 V 

0°C to 1 25° C 

0.04 0.5 

mA 

Iq = 5 mA to 1 A 

0.06 0.5 

Peak output current 


25° C 

2.1 

A 


uA7915C electrical characteristics at specified virtual junction temperature, 
V| = —23 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7915C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

-14.4 -15 -15.6 

V 

1(3 = 5 mA to 1 A, V| = -1 7.5 V to -30 V, 

P < 15 W 

0°C to 1 25° C 

-14.25 -15.75 

Input regulation 

V| = -17.5 V to -30 V 

25° C 

5 100 

mV 

V| = -20 V to -26 V 

3 50 

Ripple rejection 

V| = -18.5 V to -28.5 V, f=120Hz 

0°C to 1 25° C 

54 60 

dB 

Output regulation 

1(3 = 5 mA to 1.5 A 

25° C 

15 200 

mV 

1(3 = 250 mA to 750 mA 

5 75 

Temperature coefficient 
of output voltage 

1(3 = 5 mA 

0°C to 125°C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

375 

MV 

Dropout voltage 

IO = 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

2 3 

mA 

Bias current change 

V| = -17.5 V to -30 V 

0°C to 125°C 

0.04 0.5 

mA 

1 0 = 5 mA to 1 A 

0.06 0.5 

Peak output current 


25° C 

2.1 

A 


AH characteristics are measured with a solid-tantalum capacitor across the input of 2 /tF and a solid-tantalum capacitor across the output of 1 /*F. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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Voltage Regulators 


TYPES UA7918C, uA7924C 
NEGATIVE-VOLTAGE REGULATORS 


UA7918C electrical characteristics at specified virtual junction temperature, 
V| = —27 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS + 

UA7918C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

CO 

J ^ 
00 

l 

00 

V 

Iq = 5 mA to 1 A, V| = -21 V to -33 V, 

P < 15 W 

0°C to 125°C 

00 

to 

Input regulation 

V| = -21 V to -33 V 

25° C 

5 360 

mV 

V| = -24 V to -30 V 

o 

CO 

CO 

Ripple rejection 

V| = -22 V to -32 V, f = 1 20 H z 

0°C to .125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1 .5 A 

25° C 

30 360 

mV 

Iq = 250 mA to 750 mA 

10 180 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

0°C to 1 25° C 

-1 

mV/° C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

450 

mV 

Dropout voltage 

l 0 = 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

2 3 

mA 

Bias current change 

V| = -21 V to -33 V 

0°C to 125°C 

0.04 1 

mA 

Iq = 5 mA to 1 A 

0.06 0.5 

Peak output current 


25° C 

Id 

A 


uA7924C electrical characteristics at specified virtual junction temperature, 
V| = —33 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA7924C 

UNIT 

MIN TYP MAX 

Output voltage 


25° C 

-23 -24 -25 

V 

l Q = 5 mA to 1 A, V| = -27 V to -38 V, 

P< 15 W 

0°C to 1 25° C 

-22.8 -25.2 

Input regulation 

V ( = -27 V to -38 V 

25° C 

5 480 

mV 

V, = -30 V to -36 V 

3 240 

Ripple rejection 

V| = -28 V to -38 V, f = 120 Hz 

0°C to 125°C 

54 60 

dB 

Output regulation 

Iq = 5 mA to 1 .5 A 

25° C 

85 480 

mV 

Iq = 250 mA to 750 mA 

25 240 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

0°C to 1 25° C 

-1 

mV/°C 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

600 

MV 

Dropout voltage 

10= 1 A 

25° C 

1.1 

V 

Bias current 


25° C 

2 3 

mA 

Bias current change 

V| = -27 V to -38 V 

0°C to 125°C 

0.04 1 

mA 

Iq = 5 mA to 1 A 

0.06 0.5 

Peak output current 


25° C 

2.1 

A 


^ All characteristics are measured with a solid-tantalum capacitor across the input of 2 jtF and a solid-tantalum capacitor across the output of 1 /xF. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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LINEAR 

INTEGRATED 

CIRCUITS 


SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 

D2216, JUNE 1976 — REVISED AUGUST 1983 


• 3-Terminal Regulators 

• Output Current up to 500 mA 

• No External Components 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild juA79M00 
Series 


NOMINAL 

OUTPUT 

VOLTAGE 

— 55°C TO 150°C 

OPERATING 

TEMPERATURE RANGE 

0°C TO 125°C 

OPERATING 

TEMPERATURE RANGE 

-5 V 

UA79M05M 

UA79M05C 

-6 V 

UA79M06M 

UA79M06C 

-8 V 

UA79M08M 

UA79M08C 

-12 V 

UA79M12M 

UA79M12C 

-15 V 

-20 V 

-24 V 

UA79M15M 

UA79M15C 

UA79M20C 

UA79M24C 

PACKAGE 

JG 

KC 


description 

This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA78M00 in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 

terminal assignments 


schematic 



Resistor values shown are nominal and in ohms. 


uA79M_M. . .JG PACKAGE 


(TOP VIEW) 


COMMON £ 1 U 8 ] NC 
NC Q 2 7UNC 

NCC3 6 H INPUT 

OUTPUT |T 4 5 ^ NC 


NC— No internal connection 



uA79M_C. . .KC PACKAGE 


(TOP VIEW) 


THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO 220AB 




Copyright © 1983 by Texas Instruments Incorporated 
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Voltage Regulators 


SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 




UA79M05M 

UA79M05C 




THRU 

THRU 

UNIT 



UA79M15M 

UA79M24C 


Input voltage 

UA79M20, UA79M24 


-40 


All others 

-35 

-35 


Continuous total dissipation at 25°C free-air temperature (see Note 1 ) 

JG package 

1.05 


W 

KC (TO-220AB) package 


2 

Continuous total dissipation at (or below) 25° C case temperature 
(see Note 1) 

KC package 


7.5 

w 

Operating free-air, case or virtual junction temperature range 

-55 to 1 50 

0 to 1 50 

°c 

Storage temperature range 

-65 to 1 50 

-65 to 1 50 

°c 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG package 

300 


°c 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 

KC package 


260 

°c 


NOTE 1 : For operation above 25 °C free-air or case temperature, refer to Figures 1 through 3. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual dvice electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 


— — 1 

MIN MAX 

UNIT 

Input voltage, V| 

UA79M05M, UA79M05C 

-7 -25 

V 

UA79M06M, UA79M06C 

-8 -25 

UA79M08M, uA79M08C 

-10.5 -25 

uA79M12M,uA79M12C 

-14.5 -30 

UA79M15M, UA79M15C 

-17.5 -30 

UA79M20C 

LO 

CO 

1 

CO 

CM 

1 

UA79M24C 

-27 -38 

Output current, Iq 

500 

mA 

Operating virtual junction temperature, Tj 

UA79M05M thru uA79M15M 

-55 1 50 

°C 

UA79M05C thru UA79M24C 

0 125 
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TYPES UA79M05M, uA79M05C 
NEGATIVE VOLTAGE REGULATORS 


uA79M05M, uA79M05C electrical characteristics at specified virtual junction temperature, 
Vj = —10 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M05M 

UA79M05C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

—4.8 -5 -5.2 

-4.8 -5 -5.2 

V 

1 q — 5 mA to 350 mA, V| = -7 V to -25 V 

-55° C to 1 50° C 

—4.75 -5.25 


0°C to 1 25°C 


-4.75 -5.25 

Input regulation 

V| * -7 V to -25 V 

25° C 

7 50 

7 50 

mV 

V| - -8 V to -18 V 

3 30 

3 30 

Ripple rejection 

V| = -8 V to -18 V, 

f = 1 20 Hz 

Iq = 1 00 mA 

— 55°C to 1 50° C 

50 


dB 

0°C to 1 25°C 


50 

Iq = 300 mA 

25° C 

54 60 

54 60 

Output regulation 

lO = 5 mA to 500 mA 

25° C 

75 100 

75 100 

mV 

Iq = 5 mA to 350 mA 

50 

50 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

-55° C to 1 50° C 

-1.5 

... 

mV/°C 

0°C to 125°C 


-0.4 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

1 25 400 

125 

MV 

Dropout voltage 


25° C 

1 .1 2.3 

1.1 

V 

Bias current 


25° C 

1 2 

1 2 

mA 

Bias current change 

V| = -8 V to -25 V 

-55° C to 150°C 

0.4 


mA 

0°C to 1 25° C 


0.4 

Iq = 5 mA to 350 mA 

-55° C to 150°C 

0.4 


0°C to 1 25° C 


0.4 

Short-circuit 

output current 

V| = -30 V 

25° C 

600 

140 

mA 

Peak output current 


25° C 

0.5 0.65 1 .4 

0.65 

A 


^ All characteristics are measured with a 2-fJ.F capacitor across the input and a 1-/J.F capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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Voltage Regulators 


TYPES UA79M06M, uA79M06C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M06M, uA79M06C electrical characteristics at specified virtual junction temperature, 
V | = — 1 1 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

UA79M06M 

UA79M06C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

-5.75 -6 -6.25 

-5.75 -6 -6.25 

V 

Iq = 5 mA to 350 mA, V| = -8 V to -25 V 

— 55°C to 150°C 

-5.7 -6.3 


0°C to 125°C 


-5.7 -6.3 

Input regulation 

V| = -8 V to -25 V 

25° C 

7 60 

CO 

r* 

mV 

V| = -9 V to -19 V 

3 40 

3 40 

Ripple rejection 

V| = -9 V to -19 V, 

f = 120 Hz 

Iq = 100 mA 

-55° C to 150°C 

50 


dB 

0°C to 1 25° C 


50 

Iq = 300 mA 

25° C 

54 60 

54 60 

Output regulation 

Iq = 5 mA to 500 mA 

25° C 

80 120 

o 

CM 

O 

CO 

mV 

l<3 = 5 mA to 350 mA 

55 

55 

Temperature coefficient 
of output voltage 

1(3 = 5 mA 

— 55°C to 1 50° C 

-1.5 


mV/°C 

0°C to 125°C 


-0.4 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

150 480 

150 

MV 

Dropout voltage 


25° C 

1.1 2.3 

1.1 

V 

Bias current 


25° C 

1 2 

1 2 

mA 

Bias current change 

V| = -9 V to -25 V 

— 55°C to 150 G C 

0.4 


mA 

0°C to 1 25° C 


0.4 

Iq - 5 mA to 350 mA 

-55° C to 1 50° C 

0.4 


0°C to 1 25° C 


0.4 

Short-circuit 

output current 

V, = -30 V 

25° C 

600 

140 

mA 

Peak output current 


25° C 

0.5 0.65 1.4 

0.65 

A 


All characteristics are measured with a 2 -mF capacitor across the input and a 1-juF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately . 
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TYPES UA79M08M, uA79M08C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M08M, uA79M08C electrical characteristics at specified virtual junction temperature, 
Vj = —19 V, Iq = 350 mA (unless noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M08M 

UA79M08C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

-7.7 -8 -8.3 

-7.7 -8 -8.3 

V 

Iq = 5 mA to 350 mA, V| = -10.5 V to -25 V 

-55° C to 150°C 

-7.6 -8.4 


0°C to 1 25° C 


-7.6 -8.4 

Input regulation 

V| = -10.5 V to -25 V 

25° C 

o 

00 

00 

o 

00 

CO 

mV 

V, = -11 V to -21 V 

4 50 

4 50 

Ripple rejection 

V| = -11.5 V to -21.5 V, 

f = 1 20 Hz 

Iq = 100 mA 

— 55°C to 150°C 

50 


dB 

0°C to 1 25°C 


50 

Iq = 300 mA 

25° C 

54 59 

54 59 

Output regulation - 

lO = 5 mA to 500 mA 

25° C 

90 160 

90 160 

mV 

lO = 5 mA to 350 mA 

60 

60 

Temperature coefficient 
of output voltage 

lO = 5 mA 

-55° 0 to 150°C 

-2.4 


mV/°C 

0°C to 1 25° C 


-0.6 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

200 640 

200 

MV 

Dropout voltage 


25° C 

1.1 2.3 

1.1 

V 

Bias current 


25° C 

1 2 

1 2 

mA 

Bias current change 

V| = -10.5 V to -25 V 

-55° C to 150° C 

0.4 


mA 

0°C to 125°C 


0.4 

1 0 = 5 mA to 350 mA 

-55° C to 150°C 

0.4 


0°C to 125°C 


0.4 

Short-circuit 

output current 

V, = -30 V 

25° C 

600 

140 

mA 

Peak output current 


25° C 

0.5 0.65 1 .4 

0.65 

A 


*AII characteristics are measured with a 2-juF capacitor across the input and a 1 -nF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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Voltage Regulators 


TYPES UA79M12M, uA79M12C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
Vj = —19 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS"*" 

u A79M1 2M 

UA79M12C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

-11.5 -12 -12.5 

-11.5 -12 -12.5 

V 

Iq = 5 mA to 350 mA, V| = -14.5 V to -30 V 

-55° C to 1 50° C 

-11.4 -12.6 


0°C to 125°C 


-11,4 -12.6 

Input regulation 

V| = -14.5 V to -30 V 

25° C 

9 80 

9 80 

mV 

Vi = -15 Vto -25 V 

5 50 

5 50 

Ripple rejection 

V| = -15 V to -25 V, 

f = 120 Hz 

1 q = 100 mA 

-55° C to 1 50° C 

50 


dB 

0°C to 125°C 


50 

Iq = 300 mA 

25° C 

54 60 

54 60 

Output regulation 

1 0 = 5 m A to 500 m A 

25° C 

65 240 

65 240 

mV 

lo = 5 mA to 350 mA 

45 

45 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

-55° C to 1 50° C 

-3.6 


mV/°C 

0°C to 125°C 


-0.8 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

300 960 

300 

juV 

Dropout voltage 


25° C 

1.1 2.3 

1.1 

V 

Bias current 


25° C 

1.5 3 

1.5 3 

mA 

Bias current change 

V| = -14.5 V to -30 V 

-55° C to 150°C 

0.4 


mA 

0°C to 125°C 


0.4 

1 o = 5 m A to 350 mA 

-55° C to 1 50° C 

0.4 


0°C to 125°C 


0.4 

Short-circuit 

output current 

V| = -30 V 

25° C 

600 

140 

mA 

Peak output current 


25° C 

0.5 0.65 1 .4 

0.65 

A 


f All characteristics are measured with a 2-juF capacitor across the input and a 1-juF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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TYPES UA79M15M, uA79M15C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature, 
V| = —23 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M15M 

UA79M15C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Output voltage 


25° C 

-14.4-15 -15.6 

-14.4 -15 -15.6 

V 

Iq = 5 mA to 350 mA, V| = -17.5 V to -30 V 

-55° C to 1 50° C 

-14.25 -15.75 


0°C to 125°C 


-14.25 -15.75 

Input regulation 

V| = -17.5 V to -30 V 

25° C 

CD 

00 

O 

CD 

00 

O 

mV 

V| =-18 Vto -28 V 

7 50 

7 50 

Ripple rejection 

V| = -18.5 Vto -28.5 V, 

f = 120 Hz 

Iq = 100 mA 

-55° C to 150°C 

50 


dB 

0°C to 125°C 


50 

Iq = 300 mA 

25° C 

54 59 

54 59 

Output regulation 

1(3 = 5 mA to 500 mA 

25° C 

65 240 

65 240 

mV 

Iq = 5 mA to 350 mA 

45 

45 

Temperature coefficient 
of output voltage 

Iq = 5 mA 

— 55°C to 1 50° C 

-4.5 


m \/ f° p 

0°C to 1 25° C 


-1 

mv/ u 

Output noise voltage 

f = 10 Hz to 100 kHz 

25° C 

375 1200 

375 

mV 

Dropout voltage 


25° C 

1.1 2.3 

1.1 

V 

Bias current 


25° C 

1.5 3 

1.5 3 

mA 

Bias current change 

V| =-17.5 Vto -30 V 

-55° C to 150°C 

0.4 


mA 

0°C to 1 25° C 


0.4 

1(3 = 5 mA to 350 mA 

— 55°C to 1 50° C 

0.4 


0°C to 1 25° C 


0.4 

Short-circuit 

output current 

V| = -30 V 

25° C 

600 

140 

mA 

Peak output current 


25° C 

0.5 0.65 

0.65 

A 


T All characteristics are measured with a 2-juF capacitor across the input and a 1 -m f capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w < i o ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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Voltage Regulators 


TYPE UA79M20C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M20C electrical characteristics at specified virtual junction temperature 
V| = —29 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M20C 

UNIT 

MIN TYP MAX 

Output voltage 

Iq = 5 mA to 350 mA, V| - -23 V to -35 V 

25° C 

-19.2 -20 -20.8 

V 

0°C to 1 25° C 

-19 -21 

Input regulation 

V| = -23 Vto -35 V 

25° C 

o 

CO 

CM 

mV 

V| = -24 V to -34 V 

10 70 

Ripple rejection 

V| = -24 Vto -34 V, 

f = 1 20 Hz 

Iq = 100 mA 

0°C to 1 25° C 

50 

dB 

Iq = 300 mA 

25° C 

54 58 

Output regulation 

Iq = 5 mA to 500 mA 

25° C 

75 300 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient 

of output voltage 

lO = 5 mA 

0°C to 1 25° C 

-1 

mV/° C 

Output noise voltage 

f= 10 Hz to 100 kHz 

25° C 

500 

MV 

Dropout voltage 


25° C 

1.1 

V 

Bias current 


25° C 

1.5 3.5 

mA 

Bias current change 

V| = -23 Vto -35 V 

0°C to 125°C 

0.4 

mA 

Iq = 5 mA to 350 mA 

0.4 

Short-circuit 

output current 

V| = -30 V 

25° C 

140 

mA 

Peak output current 


25° C 

650 

A 


’•’All characteristics are measured with a 2-/J.F capacitor across the input and a 1-juF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w <10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately . 
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TYPE UA79M24C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M24C electrical characteristics at specified virtual junction temperature, 
V| = —33 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

UA79M24C 

UNIT 

MIN TYP MAX 

Output voltage 

l 0 = 5 mA to 350 mA, V| = -27 V to -38 V 

25° C 

-23 -24 -25 

V 

0°C to 1 25° C 

-22.8 -25.2 

Input regulation 

V| = -27 Vto -38 V 

25° C 

o 

CO 

CM 

mV 

Vi = -28 V to -38 V 

12 70 

Ripple rejection 

V| = -28 Vto -38 V, 
f = 1 20 Hz 

Iq = 1 00 mA 

0°C to 125°C 

50 

dB 

Iq = 300 mA 

25° C 

54 58 

Output regulation 

Iq = 5 mA to 500 mA 

25° C 

75 300 

mV 

Iq = 5 mA to 350 mA 

50 

Temperature coefficient 

of output voltage 

Iq = 5 mA 

0°C to 125°C 

-1 

mV/° C 

Output noise voltage 

f= 10 Hz to 100 kHz 

25° C 

600 

MV 

Dropout voltage 


25° C 

1.1 

V 

Bias current 


25° C 

1.5 3.5 

mA 

Bias current change 

V| = -27 V to -38 V 

0° C to 1 25° C 

0.4 

mA 

lO = 5 mA to 350 mA 

0.4 

Short-circuit 

output current 

V! = -30 V 

25° C 

140 

mA 

Peak output current 


25° C 

650 

A 


‘•’All characteristics are measured with a 2 -juF capacitor across the input and a 1 -mF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately . 
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Voltage Regulators 


SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 


THERMAL INFORMATION 


KC PACKAGE 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


150 


5 

I 


o 

E 

d 

E 


25 


KC PACKAGE 
CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



50 75 100 125 

Tc~ Case Temperature— °C 


150 



JG PACKAGE 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



25 50 75 100 125 

Ta— F ree-Air Temperature— °C 


150 


FIGURE 3 
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LINEAR 

INTEGRATED 

CIRCUITS 


TYPES UC3846, UC3847 
CURRENT-MODE PULSE-WIDTH-MODULATION CONTROLLERS 


■ D2823, OCTOBER 1983 

■ • Automatic Feed-Forward Compensation 

I • Programmable Pulse-by-Pulse Current 
I Limiting 

| • Automatic Symmetry Correction in 

' Push-Pull Configuration 

• Parallel Operation Capability for Modular 
Power Systems 

• Differential Current Sense Amplifier with 
Wide Common-Mode Voltage Range 

• Double-Pulse Suppression 

• 200-mA Totem-Pole Outputs 

• ± 1 % Bandgap Reference 

• Under-Voltage Lockout 

• Soft-Start Capability 

• Shutdown Function 

• 500-kHz Operation 

• Direct Replacements for Unitrode 
UC3846 and UC3847 

Output Logic: 

UC3846 . . . NOR 
UC3847 ... OR 

description 

The UC3846 and UC3847 pulse-width-modulation controller integrated circuits are designed to offer 
improved performance and lower external parts count in fixed-frequency current-mode control systems. 
These devices provide improved line regulation, enhanced load response characteristics, and a simpler, 
easer-to-desigh control loop. Other advantages include inherent pulse-by-pulse current-limiting capability, 
automatic symmetry correction for push-pull converters, and the ability to parallel power modules while 
maintaining equal current sharing. 

Protection circuitry includes a latched comparator under-voltage lockout, programmable current limiting, 
and self-start capability. A shutdown function is also available; this can either initiate a complete shutdown 
with automatic restart, or latch the supply off. 

Other features include fully latched operation, double-pulse suppression, deadtime adjust capability, and 
a ± 1 % trimmed bandgap reference. 



PRODUCT PREVIEW 
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development. Texas Instruments reserves the right to 
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SELECTION GUIDE 


single- and dual-slope A/D converters 


DEVICE 

NUMBER 

FUNCTION 

RESOLUTION 

RECOMMENDED 

COMPLEMENT 

TEMP* 

RANGE 

PACKAGE 

PAGE 

TL500 

Dual-slope 
analog procesors 

13 Bits 

TL502, TL505 

or 

Microprocessor 

C 

N 

7-43 

TL501 

10-12 Bits 

C 

N 

7-43 

TL505 

8-10 Bits 

c 

N 

7-57 

TL502 

Digital processors with 

seven-segment outputs 

4 1/2 Digits 

Microprocessor 

c 

N 

7-43 

TL503 

Digital processors with 

BCD outputs 

4 1/2 Digits 

Microprocessor 

c 

N 

7-43 

TL507 

Pulse-width modulator for 

single-slope converter 

7 Bits 

Microprocessor 

c 

N 

7-63 

TLC7126 

Dual-slope A/D converter 

and LCD driver 

3 1/2 Digits 

Microprocessor 

c 

N 

7-119 


successive-approximation A/D converters 


DEVICE 

NUMBER 

SIGNAL INPUTS 

ADDRESS 

AND DATA 

I/O FORMAT 

CONVERSION 
SPEED § 

ip is ) 

UNADJUSTED 

ERROR 

± LSB 

POWER 

DISSIPATION 

(mW) 

TEMP* 

RANGE 

PACKAGE 

PAGE 

DEDICATED 

ANALOG 

ANALOG/ 

DIGITAL* 

ADC0801 

1 

0 

Parallel 

100 

- 

29 

1 

N 

7-5 

ADC0802 

1 

0 

Parallel 

100 

0.5 

29 

1 

N 

7-5 

ADC0803 

1 

0 

Parallel 

1 00 

- 

29 

1 

N 

7-5 

ADC0805 

1 

0 

Parallel 

100 

0.5 

29 

1 

N 

7-5 

ADC0804C 

1 

0 

Parallel 

100 

1 

29 

C 

N 

7-1 1 

ADC0808 

8 

0 

Parallel 

100 

0.75 

12 

1 

N 

7-17 

ADC0809 

8 

0 

Parallel 

100 

1.25 

12 

1 

N 

7-17 

ADC0831 

1 

0 

Serial 

84 

0.5 

15 

1 

N 

7-23 

ADC0832 

2 

0 

Serial 

84 

0.5 

15 

1 

N 

7-23 

ADC0834 

4 

0 

Serial 

84 

0.5 

15 

1 

N 

7-23 

ADC0838 

8 

0 

Serial 

84 

0.5 

15 . 

1 

N 

7-23 

TL520 

8 

0 

Parallel 

70 

0.75 

2 

1 

N 

7-67 

TL521 

8 

0 

Parallel 

100 

1 

2 

1 

N 

7-67 

TL522 

8 

0 

Parallel 

208 

0.5 

0.3 

1 

N 

7-67 

TL530t 

8 

6 

Parallel 

300 

0.5 

15 

1 

N 

7-77 

TL531 1 

8 

6 

Parallel 

300 

1 

1 5 

1 

N 

7-77 

TL532 

5 

6 

Parallel 

300 

0.5 

15 

1 

N 

7-87 

TLC532A 

5 

6 

Parallel 

15 

0.5 

6 

M,l 

FH,J,N 

7-101 

TL533 

5 

6 

Parallel 

300 

1 

15 

1 

N 

7-87 

TLC533A 

5 

6 

Parallel 

15 

1 

6 

M,l 

FH,J,N 

7-101 

TLC540 

1 1 

0 

Serial 

12 

0.5 

6 

M,l 

FK,FN,J,N 

7-109 

TLC541 

1 1 

0 

Serial 

34 

1 

6 

M,l 

FK,FN,J,N 

7-109 

TLC549 

1 

0 

Serial 

19 

0.5 

6 

M,l 

JG,P 

7-115 


*M = - 55 °C to 1 25 °C, I = -40°C to 85°C, C a 0°C to 70°C. 

* Analog/digital signal inputs can be used either as digital inputs for limiting sensing or digital data, or they can be used as analog inputs. 

For example: the TL530 can have 1 5 analog inputs and 6 digital outputs, 9 analog inputs and 1 2 digital inputs, or any combination in between. 
^Includes access time. 

iThe TL530 and TL531 devices also have 6 dedicated digital inputs. 
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SELECTION GUIDE 


analog switches 


DEVICE 

NUMBER 

FUNCTION 

TYPICAL 

IMPEDANCE 

(OHM) 

VOLTAGE 

RANGE 

(V) 

POWER 

SUPPLIES 

(V) 

TEMP* 

RANGE 

PACKAGE 

PAGE 

TL182 

Twin SPDT 

100 

±10 

±15, 5 

M,I,C 

J,N 

7-37 

TL185 

Twin DPST 

150 

±10 

±15, 5 

M,I,C 

J,N 

7-37 

TL188 

Dual SPST 

100 

±10 

±15, 5 

M,I,C 

J,N 

7-37 

TL191 

Twin dual SPST 

150 

±10 

±15, 5 

M,I,C 

J,N 

7-37 

TL601 

SPDT 

Not recommended for new designs 

M,I,C 

JG,P 

7-95 

TL604 

Dual SPST 

M,I,C 

JG,P 

7-95 

TL607 

SPDT with enable 

M,I,Q 

JG,P 

7-95 

TL610 

SPST with logic inputs 

M,I,C 

JG,P 

7-95 


t M ■ - 55 °C to 1 25 °C, I a - 40 °C to 85°C, C a 0°C to 70°C. 
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DATA 

ACQUISITION 

CIRCUITS 


• 8-Bit Resolution 

• Ratiometric Conversion 

• 100 fis Conversion Time 

• 135 ns Access Time 

• Guaranteed Monotonicity 

• High Reference Ladder Impedance 
8 kft Typical 

• No Zero Adjust Requirement 

• On-Chip Clock Generator 

• Single 5-Volt Power Supply 

• Operates With Microprocessor or as 
Stand-Alone 

• Designed to be Interchangeable with 
National Semiconductor ADC0801, 
ADC0802, ADC0803, ADC0805 


TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8 BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 

D2754, NOVEMBER 1983 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


CS ni U 20 P Vcc (OR REF) 
RD M2 


WR E 
C LK IN C 
INTR E 5 
IN 4- E 6 

IN- E 

ANLG GND E 
REF/2 E 
DGTL GND E 


19 ] CLK OUT 
18 ] DBO (LSB) 

1 7 □ DB1 
16] DB2 
15] DB3 
14] DB4 
13 ] DB5 
12] DB6 
11 ] DB7 (MSB). 


^DATA 

'outputs 


description 

The ADC0801, ADC0802, ADC0803, and ADC0805 are CMOS 8-bit successive-approximation analog- 
to-digital converters that use a modified potentiometric (256R) ladder. These devices are designed to operate 
from common microprocessor control buses, with the three-state output latches driving the data bus. The 
devices can be made to appear to the microprocessor as a memory location or an I/O port. 

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from Vcc t0 
analog ground (ANLG GND). The devices can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 

The ADC0801I, ADC0802I, ADC0803I, and ADC0805I will be characterized for operation from -40°C 
to 85 °C. 
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functional block diagram (positive logic) 














TYPES ADC0801, ADC0802, ADD0803, ADC0805 
8 BIT ANALOGTO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC (see N ote } ) 

Input voltage range CS, RD, WR 

Other inputs 

Output voltage range 

Continuous total power dissipation at 25 °C free-air temperature (see Note 2) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


6.5 V 

-0.3 V to 18 V 

-0.3 V to Vcc +0.3 V 
-0.3 V to Vcc +0.3 V 

875 mW 

- 40 °C to 85 °C 

-65°C to 1 50°C 

260 °C 


NOTES: 1 . All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together (unless otherwise noted). 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, section 2. 


recommended operating conditions 


: l 

MIN 

NOM 

MAX 

UNIT 

v cc 

Supply voltage 

4.5 

5 

6.3 

V 

v REF/2 

Voltage at REF/2 (see Note 3) 

0.25 

2.5 


V 

V| H 

High-level input voltage at CS, RD, or WR 

2 


15 

V 

V| L 

Low-level input voltage at CS, RD, or WR 

0.8 

V 

Analog ground voltage (see Note 4) 

-0.05 

0 

1 

V 

Analog input voltage (see Note 5) 

GND -0.05 


Vcc + 0-05 

V 

fclock 

Clock input frequency (see Note 6) | 

100 

640 

1460 

kHz 

Duty cycle above 640 kHz (see Note 6) | 

40 


60 

% 

tw(CLK) 

Pulse duration clock input (high or low) 

275 

781 


ns 

*w(WR) 

Pulse duration, WR input low 

100 

ns 

t a 

Operating free-air temperature 

-40 


85 

°C 


NOTES: 3. 

4. 

5. 

6 . 


Proper operation is achieved over a differential input range of 0 V to Vqq when the REF/2 input is open. 

These values are with respect to digital ground (pin 10). 

When the positive analog input with respect to the negative analog input (Vj n+ - Vj n _) is zero or negative, the output code is 0000 0000. 
Total unadjusted error is guaranteed only at an f c | oc k of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns to 937 ns). For frequencies 
above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should be observed for an f dock Greater than 640 kHz. 
Below 640 kHz, this duty cycle limit can be exceeded provided t w (CLK) remains within limits. 
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TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


electrical characteristics over recommended operating free-air temperature range, Vqc = 5 V, 
fclock = 640 kHz, Vref/ 2 = 2 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

High-level 

Voh 

output voltage 

All outputs 

V CC = 4.75 V, Ioh = -360 n A 

2.4 

V 

DB and INTR 

V CC = 4.75 V, Iqh = ~ 10 nA 

4.5 

Low-level 

Vol output 

voltage 

Data outputs 

V CC = 4.75 V, Iql = 1.6 mA 

0.4 

V 

INTR output 

V CC = 4.75 V, Iql = 1 mA . 

0.4 

CLK OUT 

Vqq = 4.75 V, Iql = 360 /xA 

0.4 

Clock positive-going 

Vt + 

threshold voltage 


2.7 3.1 3.5 

V 

Clock negative-going 

Vt — 

threshold voltage 


1.5 1.8 2.1 

V 

Vj + -V-|-_ Clock input hysteresis 


0.6 1.3 2 

V 

l|H High-level input current 


0.005 1 

m a 

l|L Low-level input current 


-0.005 -1 

*A 

Iqz Off-state output current 

o 

it 

o 

> 

-3 

MA 

V 0 = 5 V 

3 

Short-current 

'OHS output current 

Output high 

o 

ID 

CN 

< 

f— 

o' 

II 

O 

> 

-4.5 -6 

mA 

Short-circuit 

l0LS output current 

Output low 

V 0 = 5 V, T a = 25 °C 

9 16 

mA 

Supply current plus 

ice 

reference current 

VREF/2 = open, T A = 25 °C, 

CS at 5 V 

1.1 1.8 

mA 

Input resistance to 

RREF/2 reference ladder 

See Note 7 

2.5 8 

kQ 

Cj Input capacitance (control) 


5 7.5 

PF 

C 0 Output capacitance (DB) 


5 7.5 

pF 


NOTE 7: Resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9. 


operating characteristics over recommended operating free-air temperature, Vqq = 5 V, 
VREF/2 = 2.5 V, fclock = 640 kHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Supply-voltage-variation error 

Vqq = 4.5 V to 5.5 V, See Note 8 

±1/16 ±1/8 

LSB 

Total adjusted error 

ADC0801 

With full-scale adjust. See Notes 8 and 9 

±1/4 

LSB 

ADC0803 

±1/2 

Total unadjusted error 

ADC0802 

Vref/2 = 2.5 V, See Notes 8 and 9 

±1/2 

LSB 

ADC0805 

Vref/2 open, See Notes 8 and 9 

±1 

DC common-mode error 

See Note 8 and 9 

00 

-H 

CO 

-H 

LSB 

t en Output enable time 

C L = 100 pF 

135 200 

ns 

tdis Output disable time 

C L = 10 pF, R L = 10 k n 

125 200 

ns 

td(INTR) Delay time to reset INTR 


300 450 

ns 

t CO nv Conversion cycle time 

f c |ock = 100 kH * to 1-46 MHz, 

See Note 10 

66 73 

clock 

cycles 

CR Free-running conversion rate 

INTR connected to WR, CS at 0 V 

8770 

conv/s 


^ All typical values are at T A = 25 °C. 

NOTES: 8. These parameters are guaranteed over the recommended analog input voltage range. 

9. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 

10. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock periods before 
conversion starts. After conversion is completed, part of another clock period is required before a high-to-low transition of INTR completes the cycle. 
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TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


PARAMETER MEASUREMENT INFORMATION 



READ OPERATION TIMING DIAGRAM 



WRITE OPERATION TIMING DIAGRAM 
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TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


PRINCIPLES OF OPERATION 

The ADC0801, ADC0802, ADC0803, and ADC0805 each contain a circuit equivalent to a 256-resistor 
network. Analog switches are sequenced by successive approximation logic to match an analog differential 
input voltage (Vj n + - Vj n - ) to a corresponding tap on the 256R network. The most-significant bit (MSB) 
is tested first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full 
scale) is transferred to an output latch and the interrupt (INTR) output goes low. The device can be operated 
in a free-running mode by connecting the INTR output to the write (WR) input and h oldin g the conversion 
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required 
during the power-up cycle. Taking CS low anytime after that will interrupt a conversion in process. 

When the WR input goes low^the internal successive approximation register (SAR) and eight-bit shift register 
are reset. As long as both CS and WR remain low , the analog-to-digital converter will remain in a reset 
state. One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is AN Ded with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is plac ed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the star t flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 

When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state o utput latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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DATA 

ACQUISITION 

CIRCUITS 

• 8-Bit Resolution 

• Ratiometric Conversion 

• 100 ^is Conversion Time 

• 135 ns Access Time 

• No Zero Adjust Requirement 

• On-Chip Clock Generator 

• Single 5-Volt Power Supply 

• Operates With Microprocessor or as 
Stand-Alone 

• Designed to be Interchangeable with 
National Semiconductor ADC0804LCN 


TYPE ADC0804C 
8 BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

D2755, OCTOBER 1983 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


CS 

RD 

WR 

CLK IN 
INTR 
IN + 
IN- 

ANLG GND 
REF/2 
DGTL GND 



V C C (OR REF) 
CLK OUT 
DBO (LSB) ' 
DB1 
DB2 

DB3 I 

DB4 f 

DB5 
DB6 

DB7 (MSB), 


DATA 

OUTPUTS 


description 

The ADC0804C is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified 
potentiometric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control 
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear 
to the microprocessor as a memory location or an I/O port. 

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from Vcc to 
analog ground (ANLG GND). The ADC0804 can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 

The ADC0804C is characterized for operation from 0°C to 70 °C. 
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functional block diagram (positive logic) 



DB7 (MSB) 









TYPE ADC0804C 
8 BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 

Input voltage range CS, RD, WR 

other inputs 

Output voltage range 

Continuous total power dissipation at 25 °C free-air temperature (see Note 2) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


6.5 V 

-0.3 V to 18 V 

-0.3 V to Vcc + 0.3 V 
-0.3 V to Vcc + 0.3 V 

875 mW 

0°C to 70°C 

- 65°C to 1 50°C 

260°C 


NOTES: 1 . All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together (unless otherwise noted). 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 


- — 1 

MIN 

NOM 

MAX 

UNIT 

V CC 

Supply voltage 

4.5 

5 

6.3 

V 

v REF/2 

Voltage at REF/2 (see Note 3) 

0.25 

2.5 


V 

V| H 

High-level input voltage at CS, RD, or WR 

2 


15 

V 

V|L 

Low-level input voltage at CS, RD, or WR 

0.8 

V 

Analog ground voltage (see Note 4) 

-0.05 

0 

1 

V 

Analog input voltage (see Note 5) 

GND — 0.05 


Vcc + 0.05 

V 

fclock 

Clock input frequency (see Note 6) | 

100 

640 

1460 

kHz 

Duty cycle above 640 kHz (see Note 6) j 

40 


60 

% 

t w(CLK) 

Pulse duration clock input (high or low) (see Note 6) 

275 

781 


ns 

t w(WR) 

Pulse duration, WR input low 

100 

ns 

t a 

Operating free-air temperature 

0 


70 

°C 


NOTES: 3. Proper operation is achieved over a differential input range of 0 V to Vqq when the REF/2 input is open. 

4. These values are with respect to digital ground (pin 10). 

5. When the positive analog input with respect to the negative analog input (Vj n+ - Vj n _) is zero or negative, the output code is 0000 0000. 

6. Total unadjusted error is guaranteed only at an f c | oc |< of 640 kHz this with a duty cycle of 40% to 60% (pulse duration 625 ns to 937 ns). 
For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should be observed for an f c | oc |< greater 
than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided t w (CLK) remains within limits. 
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TYPE ADC0804C 

8 BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


electrical characteristics over recommended operating free-air temperature range, 
Vcc = 5 V, fclock = 640 kHz, REF/2 = 2.5 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYpt MAX 

UNIT 

Vqh High-level output voltage 

All outputs 

V CC = 4.75 V, Iqh = - 36G fxA 

2.4 

V 

DB and INTR 

Vcc = 4.75 V, Ioh = -10 /xA 

4.5 

Vql Low-level output voltage 

Data outputs 
INTR output 

CLK OUT 

Vcc = 4 75 V, loL = 1.6 mA 

0.4 

V 

VCC = 4.75 V, Iql = 1 rnA 

0.4 

V C c = 4 - 7 5 V, Iql = 360 /xA 

0.4 

Clock positive-going 

Vt + 

threshold voltage 


2.7 3.1 3.5 

V 

Clock negative-going 

Vt - 

threshold voltage 


1.5 1.8 2.1 

V 

Vj + -Vt_ Clock input hysteresis 


0.6 1.3 2 

V 

l|H High-level input current 


0.005 1 

mA 

l|L Low-level input current 


-0.005 -1 

/x A 

Iqz Off-state output current 

o 

ii 

o 

> 

-3 

IxA 

V 0 = 5 V 

3 

lOHS Short-circuit output current 

Output high 

Vo = 0 ' T A = 25 °C 

-4.5 -6 

mA 

IqlS Short-circuit output current 

Output low 

V 0 = 5 V, T A = 25 °C 

9 16 

mA 

IqC Supply current plus reference current 

REF/2 open, CS at 5 V, 

T A = 25 °C 

1.9 2.5 

mA 

RREF/2 Input resistance to reference ladder 

See Note 7 

1 1.3 

kfi 

Cj Input capacitance (control) 


5 7.5 

PF 

C 0 Output capacitance (DB) 


5 7.5 

pF 


^All typical values are at = 25 °C. 

NOTE 7: The resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9. 


operating characteristics over recommended operating free-air temperature, 
Vcc = 5 V, Vref/ 2 = 2.5 V, fclock = 640 kHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYpt 

MAX 

UNIT 

Supply-voltage-variation error 

V C c = 4.5 V to 5.5 V, 

See Note 8 


±1/16 

±1/8 

LSB 

Total unadjusted error 

See Notes 8 and 9 


LSB 

DC common-mode error 

See Note 9 


±1/16 

±1/8 

LSB 

t en 

Output enable time 

C L = 100 pF 


135 

200 

ns 

t dis 

Output disable time 

C L = 1 0 pF, R L = 1 0 kfi 


125 

200 

ns 

td(INTR) 

Delay time to reset INTR 



300 

450 

ns 

tconv 

Conversion cycle time 

f dock = 100 kHz to 1.46 MHz, 

See Note 10 

66 


73 

clock 

cycles 

CR 

Free-running conversion rate 

INTR connected to WR, 

CS at 0 V 

8770 

conv/s 


^ All typical values are at T A = 25 °C. 

B NOTES: 8. These parameters are guaranteed over the recommended analog input voltage range. 

9. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 

10. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock periods before 
conversion starts. After conversion is completed, part of another clock period is required before a high-to-low transition of INTR completes the cycle. 
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TYPE ADC0804C 
8-BIT ANALOG-TO-OIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


timing diagrams 



READ OPERATION TIMING DIAGRAM 


CS 



WRITE OPERATION TIMING DIAGRAM 
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TYPE ADC0804C 

8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


PRINCIPLES OF OPERATION 

The ADC0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced 
by successive approximation logic to match an analog differential input voltage (Vj n + - Vj n _) to a 
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight 
comparisons (64 clock period s), an eight-bit binary code (1111 1111 = full scale) is transferred to an 
output latch and th e inte rrupt (INTR) output goes low. The device can be operated in a free-running mode 
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a 
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up 
cycle. Taking CS low anytime after that will interrupt a conversion in process. 

When the WR input goes low, the ADC08 04 su ccessive approximation register (SAR) and eight-bit shift 
register are reset. As long as both CS and WR remain low, the ADC0804C will remain in a reset state. 
One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is AN Ded with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is plac ed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 

When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state o utput latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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CIRCUITS 


• Total Unadjusted Error . . . ±54 LSB Max for 
ADC0808 and ±1 LSB Max for ADC0809 


TYPES ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 

D2642, JUNE 1981 -REVISED OCTOBER 1983 


N 

DUAL-IN-LIIME PACKAGE 
(TOP VIEW) 


Resolution of 8 Bits 
100 /-is Conversion Time 
Ratiometric Conversion 
Guaranteed Monotonicity 
No Missing Codes 

Easy Interface with Microprocessors 
Latched 3-State Outputs 
Latched Address Inputs 
Single 5-Volt Supply 
Low Power Consumption 


INPUTS 


I 


U3 


29 

5 

6 S 

D 

START OF CONVERSION Q i 
END OF CONVERSION Q 
2-5 [j 
OUTPUT ENABLE [j 
CLK C 

vccE 

REF + C 
GND Q 

2-7 C 


1 U28| 

2 27 
26 
2 ! 
24 
23 j 
22 
21 
20 

19 i 
18 
17 
16 
15 




12' 

J 1 > INPUTS 

3 0, 

3 Al 

3 B > ADDRESS 

3 c, 

3 ADDRESS LOAD CONTROL 
3 2-1 (MSB) 

3 2-2 
3 2-3 

H 2 4 

^2-8 (LSB) 

J REF- 
-] 2-6 


• Designed to be Interchangeable with 

National Semiconductor ADC0808, ADC0809 


description 

The ADC0808 and ADC0809 are monolithic CMOS devices with an 8-channel multiplexer, an 8-bit analog-to-digital 
(A/D) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder with address load to select any one of eight single-ended analog switches 
connected directly to the comparator. The 8-bit A/D converter uses the successive-approximation conversion technique 
featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, and a successive- 
approximation register (SAR). 

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, and the 
need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR and latched inputs to 
the multiplexer address decoder. The single 5-volt supply and low power requirements make the ADC0808 and 
ADC0809 especially useful for a wide variety of applications. Ratiometric conversion is made possible by access to 
the reference voltage input terminals. 

The ADC0808 and ADC0809 are characterized for operation from — 40° C to 85° C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note D 6.5 V 

Input voltage range: control inputs -0.3 V to 15 V 

all other inputs -0.3 V to Vcc + 0-3 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 875 mW 

Operating free-air temperature range -40°C to 85 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case of 10 seconds 260°C 



NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operations above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES ADC0808, ADC0809 

CMOS ANALOG-TO-DIGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 



operating sequence 


r /f i 




START 

CONVERSION 



50% 

- t w(S) 


ADDRESS LOAD 6 \ \ 

CONTROL 5Q% / | A 50/o 

H — I ** tw(ALC) 

H — ADDRESS STABLE 
ADDRESS 50% ^ } ^50% ~ 

ANALOG INPUT j ANALOG VALUE 

(- 1 INPUT ST ABLE- 


MULTIPLEX OUTPUT 
(INTERNAL) 


X 


ANALOG VALUE 


XI 

H 

X 


END OF 
CONVERSION 


OUTPUT 

ENABLE 


\ 50% 

h — ^(EOC)— 

r* t conv 


LATCH OUTPUTS 


Hl-Z STATE 


-jj 50% 

— I 

50%^ \ 50% 

-II* ten .j [~tdis 

90%/ -j c 90% 

10%> f 10% 
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TYPES ADC0808, ADC0809 
CMOS ANALOG TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


recommended operating conditions 



MIN NOM MAX 

UNIT 

Supply voltage, Vcc 

4.5 5 6 

V 

Positive reference voltage, V re f + (see Note 3) 

v cc vcc+o.i 

V 

Negative reference voltage, V re f_ 

0 -0.1 

V 

Differential reference voltage, V re f+ - V re f_ 

5 

V 

Start pulse duration t w (S) 

200 

ns 

Address load control pulse width, t w ( A |_Q 

200 

ns 

Address setup time, t su 

50 

ns 

Address hold time, t^ 

50 

ns 

Clock frequency, fclock 

10 640 1280 

kHz 


NOTE 3: Care must be taken that this rating is observed even during power-up. 


electrical characteristics over recommended operating free-air temperature range. Vcc = 4.75 V to 5.25 V 
(unless otherwise noted) 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYpt MAX 

UNIT 

V|h High-level input voltage, control inputs 

V CC = 5 V 

Vcc- 1-5 

V 

V|[_ Low-level input voltage, control inputs 

V CC = 5 V 

1.5 

V 

Vqh High-level output voltage 

1(3 — — 360 /xA 

VcC-0.4 

V 

Vql Low-level output voltage 

Data outputs 

1(3 = 1.6 mA 

0.45 

V 

End of conversion 

Iq = 1.2 mA 

0.45 

Off-state (high-impedance-state) 
ioz 

output current 

V 0 = 5 V 

3 

m a 

< 

O 

II 

o 

-3 

l| Control input current at maximum input voltage 

V| = 15 V 

1 

m a 

l|L Low-level control input current 

V| = 0 

-1 

nA 

ICC Supply Current 

fclock = 640 kHz 

0.3 3 

mA 

Cj Input capacitance, control inputs 

T A = 25 °C 

10 15 

PF 

C 0 Output capacitance, data outputs 

T A = 25°C 

10 15 

pF 

Resistance from pin 12 to pin 16 


1 1000 

kfi 


analog multiplexer 


PARAMETER 

TEST CONDITIONS 

MIN TYPf 

MAX 

UNIT 


Channel on-state current (see Note 4) 

V| = 5 V, 

fclock ~ 640 kFIz 

2 

„A 

Ion 

V| = 0 V, 

fclock ~ 640 kHz 

-2 



V C C = 5 V, 

V| = 5 V 

10 

200 

nA 

loff 

Channel off-state current 

in 

CM 

II 

< 

H 

o 

II 

> 

-10 

-200 

Vcc = 5V 

V, = 5 V 

1 

/xA 



_< 

II 

o 

-1 


^Typical values are at Vqq = 5 V andT^ = 25°C. 

NOTE 4: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock frequency. 
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TYPES ADC0808, ADC0809 

CMOS ANALOG-TO-DIGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 


operating characteristics, Ta = 25 °C, Vcc = Vref + = 5 V, VreF- = 0 V, f c lock = 640 kHz 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

ADC0808 

ADC0809 

UNIT 

MIN TYP t MAX 

MIN TYPt MAX 

Supply voltage 

ksvS 

sensitivity 

V CC = V re f + = 4 75 v to 5.25 V, 

T a = -40°C to 85 °C, See Note 5 

±0.05 

±0.05 

%/V 

Linearity error 

(see Note 6) 


±0.25 

±0.5 

LSB 

Zero error (see Note 7) 


±0.25 

±0.25 

LSB 

Total unadjusted 
error (See Note 8) 

T A = 25 °C 

±0.25 ±0.5 

±0.5 

LSB 

T a = -40°C to 85 °C 

±0.75 

±1.25 

T a = 0°C to 70°C 


±1 

t en Output enable time 

C L = 50 pF, R|_ = 10 kfi 

80 250 

80 250 

ns 

tdis Output disable time 

C L - 10 pF, R L = 10 kfi 

105 250 

105 250 

ns 

t conv Conversion time 

See Note 10 

90 100 116 

90 100 116 

/ is 

Delay time, 

td(EOC) er, d °f conversion 
output 

See Notes 9 and 10 

0 14.5 

0 14.5 

fiS 


^Typical values for all except supply voltage sensitivity are at Vqq = 5 V, and all are at T/^ 25 °C. 

NOTES: 5. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage varies. The supply 
and V re f + are varied together and the change in accuracy is measured with respect to full-scale. 

6. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 

7. Zero error is the difference between the output of an ideal converter and the actual A/D converter for zero input voltage. 

8. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 

9. For clock frequencies other than 640 kHz, tj^oc) maximum is 8 clock periods plus 2 n s. 

10. Refer to the operating sequence diagram. 
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TYPES ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


The ADC0808 and ADC0809 each consists of an analog signal multiplexer, an 8-bit successive-approximation converter, 
and related control and output circuitry. 

multiplexer 

The analog mutiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. Address 
load control loads the address code into the decoder on a low-to-high transition. 

converter 

The CMOS threshold detector in the successive-approximation conversion system determines each bit by examining 
the charge on a series of binary-weighted capacitors (Figure 1 ). In the first phase of the conversion process, the analog 
input is sampled by closing switch Sc and all Sj switches, and by simultaneously charging all the capacitors to the 
input voltage. 

In the next phase of the conversion process, all Sy and Sc switches are opened and the threshold detector begins 
identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. In the switching 
sequence, all eight capacitors are examined separately until all 8 bits are identified, and then the charge-convert sequence 
is repeated. In the first step of the conversion phase, the threshold detector looks at the first capacitor (weight = 1 28). 
Node 1 28 of this capacitor is switched to the reference voltage, and the equivalent nodes of all the other capacitors 
on the ladder are switched to REF - . If the voltage at the summing node is greater than the trip-point of the threshold 
detector (approximately one-half the Vcc voltage), a bit is placed in the output register, and the 1 28-weight capacitor 
is switched to REF-. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF-f through the remainder of the capacitor-sampling (bit-counting) 
process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, 
until all bits are counted. 

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. The conversion 
process is successive approximation, but relies on charge redistribution rather than a successive-approximation register 
(and reference D/A) to count and weigh the bits from MSB to LSB. 


s c 
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DATA TYPES ADC0831, ADC0832, ADC0834, ADC0838 

ACQUISITION 2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 

CIRCUITS SERIAL CONTROL AND MULTIPLEXER OPTIONS 


• Easy Interface to Microprocessors or 
Stand-Alone Operation 

• Operates Ratiometrically or With 5-V Reference 

• No Full Scale or Zero Adjust 

• 2-, 4-, or 8-Channel Multiplexer Options With 
Address Logic 

• Shunt Regulator Allows Operation With High- 
Voltage Supplies 

• 0-V to 5-V Input Range With Single 5-V Power 
Supply 

• Remote Operation With Serial Data Link 

• TTL/MOS Input/Output Compatible 

• 8-, 14-, or 20-Pin DIP Package 

• Designed to be Interchangeable with National 
Semiconductor ADC08316C, ADC0832BC, 
ADC0834BC, and ADC0838BC Over 
Operating Temperature Range of -40°C to 
85 °C 


D2995, OCTOBER 1983 


P DUAL-IIM-LIIME PACKAGE 
(TOP VIEW) 
ADC0831 


cs £ 

IN+ C 
IN- £ 
GND £ 


1 U 8 

2 7 

3 6 

4 5 


U vcc 

] CLK 
D DO 
] Ref 


ADC0832 


cs Qi u 8g Vcc(REF) 

CHO £ 2 7 2 CLK 

CHI £ 3 6 2 DO 

GND £* 5 2 Dl 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


ADC0834 


V + 
CS 
CHO 
CHI 
CH2 
CH3 
DGTL GND 



GND 


description 

The ADC0S31 , ADC0832, ADC0834, and 
ADC0838 are 8-bit successive-approximation 
analog-to-digital converters each with a serial 
input/output and configurable input multiplexers 
with up to 8 channels. The serial input/output 
is configured to interface with standard shift 
registers or microprocessors. 

The 2-, 4-, or 8-channel multiplexers are 
software configured for single-ended or 
differential inputs as well as channel assignment. 


CHO ni U2oh V C c 


CHI £2 
CH2 C3 
CH3 £a 
CH4 £ 5 
CH5 £ 6 
CH6 £7 
CH7 £8 
COM £ 9 
DGTL GND £^0 


2yj_ 

18] CS 
17] Dl 
16] CLK 
] SARS 
] DO 
]SE 
] REF 

] ANLG GND 


The differential analog voltage input allows increasing of the common-mode rejection and offsetting the 
analog zero input voltage value. In addition, the voltage reference input can be adjusted to allow encoding 
any smaller analog voltage span to the full 8 bits of resolution. 

The ADC0831I, ADC0832I, ADC0834I, and ADC0838I are characterized for operation from -40°C to 
85 °C. 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 6.5 V 

Logic input voltage range -0.3 V to 15 V 

Analog input voltage range -0.3 V to Vqc +0.3 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2): 


P package 725 mW 

N package 800 mW 

Operating free-air temperature range -40°C to 85 °C 

Storage temperature range -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTES: 1 . All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 


— — — H 

MIN NOM 

MAX 

UNIT 

V CC 

Supply voltage 

4.5 5 

6.3 

V 

V|H 

High-level input voltage 

2 

15 

V 

V|L 

Low-level input voltage 

0.8 

V 

t w (CSH) Pulse duration, CS high 

120 

ns 

t su 

Setup time, CS or SE low, or data valid before clock t 

250 

ns 

th 

Hold time, data input valid after clock f 

90 

ns 

fclock 

Clock frequency 

10 

400 

kHz 

Clock duty cycle (see Note 3) 

40 

60 

% 

Ta 

Operating free-air temperature 

-40 

85 

°C 


NOTE 3: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outisde the recommended duty cycle 
range, the minimum pulse duration (high or low) is 1 /is. 



83 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


7-25 


Data Acquisition 



Data Acquisition 


TYPES ADC0831, ADC0832, ADQ0834, ADC0838 
2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


electrical characteristics over recommended operating free-air temperature range, 

Vcc = V + = 5 V (V + applies to ADC0834 and ADC0838 only), f c | 0 ck = 250 kHz 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

MIN TYP* MAX 

UNIT 

v OH High-level output voltage 

V CC = 4.75 V, Iqh = -360 /*A 

2.4 

V 

V C C = 4.75 V, l 0 H = -10 M 

4.5 

Vql Low-level output voltage 

Vcc == 4.75 V, IqL = 1.6 mA 

0.4 

V 

l|H High-level input Current 

V| = V CC 

0.005 1 

„A 

l|L Low-level input current 

V| = 0 

-0.005 -1 

m a 

High-impedance output 
' 0Z current (DO, SARS) 

V 0 = 0.4 V, T A = 25 °C 

-0.1 -3 

/*A 

Vq = 5 V, T A = 25 °C 

0.1 3 

*OHS Source current 

O 

LO 

CM 

II 

< 

H 

O 

o 

> 

-14 

mA 

IqlS Sink current 

Vo = V CC , T A = 25 °C 

16 

mA 

Common-mode input 

V| C R 

range (see Note 4) 


-0.05 

to 

V CC + 0.05 

V 

On-channel leakage current 

Ion 

(see Note 8) 

On-channel input at 0 V 

-1 

/iA 

Off-channel inputs at 5 V, T^ = 25 °C 

-200 

nA 

On-channel input at 0 V 

1 

m a 

Off-channel inputs at 5 V 

200 

nA 

Off-channel leakage current 
(see Note 8) 

On-channel input at 0 V 

-1 

fiA 

Off-channel inputs at 5 V, T A = 25 °C 

-50 

nA 

On-channel input at 0 V 

1 

/*A 

Off-channel inputs at 5 V 

50 

nA 

RreP Input resistance to reference ladder 


1.9 2.4 

kfl 

Cj Input capacitance (logic inputs) 

T A = 25 °C 

5 

pF 

C 0 Output capacitance 

T A = 25 °C 

5 

PF 

Supply current 
CC (see Note 5) 

ADC0832§ 


3 5.2 

mA 

ADC0831 , ADC0834, 

ADC0838 

. 

1 2.5 

1 + Current into V + (see Note 5) 


10 

mA 


^ All parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified). 

^ All typical values are at = 25 °C. 

includes ladder current. 

NOTES: 4. For IN- more positive than IN + , the digital output code will be 0000 0000. Connected to each analog input are two on-chip diodes that will 
conduct forward current for analog input voltages one diode drop below ground or one diode drop above Vcc- Care must be taken during testing 
at low Vqq levels (4.5 V) because high-level analog input (5 V) can, especially at high temperatures, cause this input diode to conduct and cause 
errors for analog inputs that are near full-scale. As long as the analog input voltage does not exceed the supply voltage by more than 50 mV, 
the output code will be correct. To achieve an absolute 0-V to 5-V input voltage range requires a minimum Vcc °f 4.950 volts for all variations 
of temperature and load. 

5. An internal zener diode is connected from the Vcc ' n P<Jt to ground and from V+ to ground. The breakdown voltage of each diode is approximately 
7 V. The V + diode is a shunt regulator and connects to Vcc v ' a a diode. When the voltage regulator powers the converter, this diode ensures 
that the Vqq input is less than the zener breakdown voltage (6.4 V). A series resistor is recommended to limit the maximum current into the V + input. 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2 , 4 , 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


operating characteristics over recommended operating free-air temperature range, 

Vcc = V+ = 5 V (V + applies to ADC0834 and ADC0838 only), fclock = 250 kHz, t r = tf = 20 ns 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Supply-voltage variation error 


±1/16 

LSB 

Total unadjusted error (see Note 6) 

V re f forced to 5 V 

±1 

LSB 

Common-Mode error 

Differential mode 

±1/16 

LSB 

Propagation delay 

time, clock 1 to 

output data (see 

Note 7) 

MSB 

first 

C L = 100 pF, T A = 25 °C 

650 1000 

ns 

LSB 

first 

250 600 

tdis Output disable time from CS t 

Cl = 10 pF, R L = 10 kfi, 

T A = 25 °C 

125 250 

ns 

t conv Conversion time 

Not including multiplexer 
addressing time, T A = 25 °C 

8 

clock 

period 


NOTES: 6. Total unadjusted error includes offset, full scale, linearity, and multiplexer errors. 

7. If the MSB from the comparator is used first in the successive-approximation loop, then an additional built-in delay will allow for comparator 
response time. 

8. Leakage current is measured with the clock not switching. 


PARAMETER MEASUREMENT INFORMATION 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 





FIGURE 4-tpnZ VOLTAGE WAVEFORMS FIGURE S-t PLZ VOLTAGE WAVEFORMS 

1 23456789 10 11 

“ JiRTLiijmjTruinnnnnjL' 

i 


— N N — *su 



7 6 5 4 3 2 1 0 

(MSB) (LSB) t 

*LSB first output not available on ADC0831. 


FIGURE 6— ADC0831 TIMING DIAGRAM 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2 -, 4-. 8-CHANNEL A/0 PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

k~ *su |4 OUTPUT DATA M 

CS *" | ADDRESS MUX | | | 


START ODD/ 
BIT SIGN 


DATA IN (Dl) 


I 


x DON'T CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE)# 


SGL/DIF 


-MSB FIRST DATA- 


- LSB FIRST DATA- 


I 


DATA OUT (DO) 


JUUULuULlUL 

7 6 54321 0 1 2 34 56 7 

(MSB) (LSB) (MSB) 

FIGURE 7— ADC0832 TIMING DIAGRAM 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

-#l k-t, 1 1 

cs 


p 

OUTPUT DATA 

H 


ADDRESS MUX j 


1 

J 



SAR STATUS 
(SARS) 


START ODD/ I 
BIT SIGN I 


in 


SGL/DIF 


SELECT 
BIT 1 




Idont'care^didSabledi^tilnext^ oncycl^)x 


W-A/D CONVERSION IN PROCESS-H 


I 


V| SETTLING- 

TIME I I 


-MSB FIRST DATA- 


-LSB FIRST DATA- 


iJTjnrijn±rnrLJi_ri 


765432101234567 
(MSB) (LSB) (MSB) 

FIGURE 8— ADC0834 TIMING DIAGRAM 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2 -, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


TYPICAL CHARACTERISTICS 

1 2 3 4 B 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 25 26 


--jmFULFUUtJl^^ 


I 


I 


-OUTPUT DATA- 


CS “l ADDRESS MUX \ 


START ODD/ SELECT 
BIT SIGN BITO 


SGL/ SELECT ' A/D CONVERSION 


DIF BIT 1 | 


IN PROCESS 


SAR STATUS (SARS) * 


USING SE 
TO CONTROL 
LSB FIRST 
OUTPUT 


MUX SETTLING j«-M« MSB FIRST DATA *)4 LSB f FIRST DATA ►! 

765432 1 01 2341567 

(MSB) (LSB) t su -*| k- (MSB) 


DO- 


-MSB FIRST DATA M+-DATA HELD-*k LSB FIRST DATA — M 

i_jiTi_rLriJ rLrLTLri 


_o 

(LSB) 


7 6 5 4 3 2 1 L 

(MSB) 

^Make sure clock edge of 18th clock, clocks in the LSB before SE is taken low. 

FIGURE 9— ADC0838 TIMING DIAGRAM 


J 1 2 3 4 5 6 7 

(MSB) 


J Hl-Z 


JHI-Z 


UNADJUSTED OFFSET ERROR 
vs 

REFERENCE VOLTAGE 




LINEARITY ERROR 
vs 

REFERENCE VOLTAGE 


1.5 


1.25 


03 

3 i.o 

l 

o 

UJ 0.75 

| 

to 

c 0.5 


0.25 

0 


1 1 

Vcc = 5 V 
f clock = 250 kHz 



T A = 2 

5 C 

















V 

















12 3 4 

V re f— Reference Voltage— V 

FIGURE 11 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4 . 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


TYPICAL CHARACTERISTICS 


LINEARITY ERROR 

VS 

FREE-AIR TEMPERATURE 



-100 -50 0 50 100 150 

T/\— Free-Air Temperature— °C 
FIGURE 12 


LINEARITY ERROR 
vs 

CLOCK FREQUENCY 


Vref 

vcc 

n ii 
ui ui 
< < 












55 

°C 








10 100 200 300 400 5( 

f clock —Clock Frequency— kHz 
FIGURE 13 


SUPPLY CURRENTt 
vs 

FREE-AIR TEMPERATURE 

“i i r 

Vcc = 5.5 V 


“V C C = 5 

V C C = 4.5 V 


f clock — 250 kHz 
CS = HIGH 

0 1 1 1 

-75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 
FIGURE 14 

*For ADC0832, the ladder current Ipgp should be added to Irr. 


OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

— ! 1 1 T 


Vcc = 5 V 


lO (Vq = 5 V) 



lO (Vq = 0 V) 


-lO (Vo = 2.4 V) 

5 — — -- 

i 0 (V 0 = o Xvp^ — 

0 1 1 

-100 -50 0 50 10( 

Ta— F ree-Air Temperature— °C 
FIGURE 15 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2 -, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 



TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 


VS 

CLOCK FREQUENCY 



0 100 200 300 400 500 

f c |ock — Clock Frequency— kHz 

FIGURE 16 


TYPICAL APPLICATION INFORMATION 


8 Single-Ended 8 Pseudo-Differential 


0 

+ 

0 

+ 

1 — 

+ 

1 

+ 

2 

+ 

2 

+ 

3 

+ 

3 

+ 

4 

+ 

4 

+ 

5 

+ 

5 

+ 

6 

+ 

6 

+ 

7 

+ 

7 

+ 

r~ 

COM (-) 

V BIAS dE""" 

COM (-) 


4 Differential Mixed Mode 




FIGURE 17-ANALOG INPUT MULTIPLEXER OPTIONS FOR THE ADC0838 


7-32 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 




TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4 . 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


ACD0832 MUX ADDRESSING (5-BIT SHIFT REGISTER) (See Note 9) 


TABLE 1 . SINGLE ENDED MUX MODE 


MUX ADDRESS j 

CHANNEL NO. 

SGL/DIF 

ODD/SIGN 

0 1 

1 

0 

+ 

1 

1 

+ 


TABLE 2. DIFFERENTIAL MUX MODE 


MUX ADDRESS | 

CHANNEL NO. 

SGL/DIF 

ODD/SIGN 

0 1 

0 

0 

+ 

0 

1 

- + 


NOTE 9: Internally, Select 0 is low, Select 1 is high, COMMON is internally connected to ANLG GND. 


ADC0834 MUX ADDRESSING (5-BIT SHIFT REGISTER) (See Note 10) 


TABLE 3. SINGLE-ENDED MUX MODE 


MUX ADDRESS 

CHANNEL NO. 

SGL/DIF 

ODD/SIGN 

SELECT 1 

0 12 3 

1 

0 

0 

+ 

1 

0 

1 

+ 

1 

1 

0 

+ 

1 

1 

1 

+ 


TABLE 4. DIFFERENTIAL MUX MODE 


| MUX ADDRESS j 

CHANNEL NO. 

SGL/DIF 

ODD/SIGN 

SELECT 1 

0 12 3 

0 

0 

0 

+ - 

0 

0 

1 

+ - 

0 

1 

0 

+ 

0 

1 

1 

+ 


NOTE 10: Internally, Select 0 is high, COMMON is internally connected to ANLG GND. 

ADC0838 MUX ADDRESSING (5-BIT SHIFT REGISTER) 


TABLE 5. SINGLE-ENDED MUX MODE 


MUX ADDRESS 

ANALOG SINGLE-ENDED CHANNEL NO. 

SGL/DIF 

ODD/SIGN 

SELECT 

0 1 2 3 4 5 6 7 COM 

1 0 

1 

0 

o 

o 

+ - 

1 

0 

0 1 

+ 

1 

0 

1 0 

+ 

1 

0 

1 1 

+ 

1 

1 

0 0 

+ 

1 

1 

0 1 

+ 

1 

1 

1 0 

+ - 

1 

1 

1 1 

+ 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


TABLE 6. DIFFERENTIAL MUX MODE 


MUX ADDRESS 

ANALOG DIFFERENTIAL CHANNEL-PAIR NO. | 

SGL/DIF 

ODD/SIGN 

SELECT 

0 

i . 

2 

3 

1 

0 

0 1 

2 

3 

4 5 

6 7 

0 

0 

0 

0 

+ 





0 

0 

0 

1 


+ 

- 



0 

0 

1 

0 




+ 


0 

0 

1 

1 





+ 

0 

1 

0 

0 

- + 





0 

1 

0 

1 


- 

+ 



0 

1 

1 

0 




+ 


0 

1 

1 

1 





+ 



PRINCIPLES OF OPERATION 

The ADC0831 , ADC0832, ADC0834, and ADC0838 use a sample data comparator structure that converts 
differential analog inputs by a successive-approximation routine. The input voltage to be converted is applied 
to a channel terminal and is compared to ground (single-ended), to an adjacent channel (differential), or 
to a common terminal (pseudo-differential) that can be an arbitrary voltage. The input terminals are assigned 
a positive ( + ) or negative (-) polarity. If the signal input applied to the assigned positive terminal is less 
than the signal on the negative terminal, the converter output is all zeroes. 

Channel selection and input configuration are under software control using a serial data link from the 
controlling processor. A serial communication format allows more functions to be included in a converter 
package with no increase in size. In addition, it eliminates the transmission of low-level analog signals 
by locating the converter at the analog sensor. This process returns noise-free digital data to the processor. 

A particular input configuration is assigned during the multiplexer addressing sequence. The multiplexer 
address is shifted into the converter through the data input (Dl) line. The ADC0831 contains only one 
differential input channel having a fixed polarity assignment and not requiring addressing. The multiplexer 
address selects the analog inputs to be enabled and determines whether the input is single-ended or 
differential. When the input is differential, the polarity of the channel input is assigned. Differential inputs 
are assigned to adjacent channel pairs. For example, channel 0 and channel 1 may be selected as a 
differential pair. These channels can not act differentially with any other channel. In addition to selecting 
the differential mode, the polarity may also be selected. Either channel of the channel pair may be designated 
as negative or positive. 

The common input on the ADC0838 can be used for a pseudo-differential input. In this mode, the voltage 
on the input is negative to any other channel. This voltage can be any reference potential common to all 
channel inputs. This feature is useful in single-supply applications where all analog circuits are biased to 
a potential other than ground. 

Operation of the ADC0831 , ADC0832, ADC0834, and ADC0838 is similar with the exception of multiplexer 
addressing. The ADC0838 has all the features of the other converts and is used for the functional block 
diagram. 

A conversion is initiated by setting the chip select (CS) input low. This enables all logic circuits. The CS 
input must be held low for the complete conversion process. A clock input is received from the processor. 
On each low-to-high transition of the clock input, the data on the Dl input is clocked into the multiplexer 
address shift register. The first logic high on the input is the start bit. A 2- to 4-bit assignment word follows 
the start bit. On each successive low-to-high transition of the clock input, the start bit and assignment 
word are shifted through the shift register. When the start bit has been shifted into the start location of 
the multiplexer register, the input channel has been selected and conversion starts. The SAR status output 
(SARS) goes high to indicate that a conversion is in progress and the Dl input to the multiplexer shift register 
is disabled for the duration of the conversion. 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


An interval of one clock period is automatically inserted to allow for the selected multiplexer channel to 
settle. The data output DO comes out of the high-impedance state and provides a leading low for this 
one clock period of multiplexer settling time. The SAR comparator compares successive outputs from the 
resistive ladder with the incoming analog signal. The comparator output indicates whether the analog input 
is greater than or less than resistive ladder output. This data is parallel loaded into a 9-bit shift register 
which immediately outputs an 8-bit serial data word. This output is sent to the DO output with the most- 
significant bit (MSB) first._After eight clock periods the conversion is complete and the SAR status (SARS) 
output goes low. When CS goes high, all internal registers are cleared. At this time the output circuits 
go to three-state. If another conversion is desired, the CS line must make a high-to-low transition followed 
by address information. 

In the ADC0831, only the MSB data is output first. The ADC0832 and ADC0834 output the LSB data 
first after the MSB first data stream is output. In the ADC0838,_the programmer has the option of selecting 
MSB first or LSB first. To output LSB first, the shift enable (SE) control input must go low. Data stored 
in the 9-bit shift register is now output with LSB first. The ADC0831 data is only output in MSB-first format. 

The Dl and DO pins can be tied together and controlled by a bi-directional processor I/O bit received on 
a single wire. This is possible because the Dl input is only examined during the multiplexer addressing 
interval and the DO output is still in a high-impedance state. 
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• Functionally Interchangeble with Siliconix 
DG182, DG185, DG188, and DG191 with 
Same Terminal Assignments 

• Monolithic Construction 

• Adjustable Reference Voltage 

• JFET Inputs 


description 

The TL182, TL185, TL188, and TL191 are 
monolithic high-speed analog switches using Bl- 
MOS technology. They comprise JFET-input 
buffers, level translators, and output JFET 
switches. The TL182 switches are SPST; the 
TL185 switches are SPDT. The TL188 is a pair 
of complementary SPST switches as is each half 
of the TL191. 


TYPES TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 

D2234, JUNE 1976-REVISED OCTOBER 1983 


• Uniform On-State Resistance for Minimum 
Signal Distortion 

• ± 10-V Analog Voltage Range 

• TTL, MOS, and CMOS Logic Control 
Compatibility 


TL182 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


isC 

1 kJl4 

ID C 

2 13 

NC C 

3 12 

NC C 

4 11 

1A C 

5 10 

vcc C 

6 9 

VllC 

7 8 


2S 


A high level at a control input of the TL1 82 turns 
the associated switch off. A high level at a 
control input of the TL1 85 turns the associated 
switch on. For the TL188, a high level at the 
control input turns the associated switches SI 
on and S2 off. 

The threshold of the input buffer is determined 
by the voltage applied to the reference input 
(V re f). The input threshold is related to 
the reference input by the equation 
Vth = V re f + 1.4 V. Thus, for TTL compati- 
bility, the V re f input is connected to ground. The 
JFET input makes the device compatible with 
bipolar, MOS and CMOS logic families. 
Threshold compatibility may, again, be 
determined by Vth = V re f + 1 .4 V. 

The output switches are junction field-effect 
transistors featuring low on-state resistance and 
high off-state resistance. The monolithic 
structure ensures uniform matching. 

BI-MOS technology is a major breakthrough in 
linear integrated circuit processing. BI-MOS can 
have ion-implanted JFETs, p-channel MOS-FETs, 
plus the usuaj bipolar components all on the 
same chip. BI-MOS allows circuit designs that 
previously have been available only as expensive 
hybrids to be monolithic. 

Devices with an "M" suffix are characterized for 
operation over the full military temperature range 
of -55°C to 125°C, those-with an " I " suffix 
are characterized for operation from - 25 °C to 
85 °C, and those with a "C” suffix are 
characterized for operation from 0°C to 70 °C. 


TL185 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1D1 C 

1 

Ul6 

NC C 

2 

15 

1D2 C 

3 

14 

1S2 C 

4 

13 

2S1 C 

5 

12 

2D1 C 

6 

11 

NC C 

7 

10 

2D2 C 

8_ 

9 


TL188 

J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
NC 
NC 
D1 
SI 
A 

vcc 

V L L 


TTuh 


NC 
H NC 
H D2 
2 S2 
D NC 

U vee 

U Vref 


TL191 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1D1 

c 

i 

*nJi6 

NC 

c 

2 

15 

1D2 

c 

3 

14 

1S2 

c 

4 

13 

2S2 

C 

5 

12 

2D2 

c 

6 

11 

NC 

c 

7 

10 

2D1 

q 

8 

9 


J Vee 
]V,ef 
J V LL 
J Vcc 

I] 2A 


NC — No internal connection 
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TYPES TL182, TL185 
BI-MOS SWITCHES 


TL182 TWIN SPST SWITCH 


schematic (each channel) 

V LL V CC 



1A • 

(5) 

IS 

(1) 

2A • 

(10) 

2S ■ 

(14) 



TO OTHER HALF 


FUNCTION TABLE 
(EACH HALF) 

IPUT SWITCH 

A S 

L ON (CLOSED) 

H OFF (OPEN) 


TL185 TWIN DPST SWITCH 


schematic (each channel) 

VLL V CC 



1A 

(15) 


(16) 

151 1 

152 - 

(4) 


(10) 

2A 

(5) 

251 

252 

(9) 



FUNCTION TABLE 
(EACH HALF) 


TO OTHER HALF 


INPUT 

A 

SWITCHES 

SW1 AND SW2 

1 

L 

H 

OFF (OPEN) 
ON (CLOSED) 

5 









TYPES TL188, TL191 
BI-MOS SWITCHES 


TL188 DUAL COMPLEMENTARY SPST SWITCH 


schematic 


Vll v cc 




FUNCTION TABLE 


OFF (OPEN) ON (CLOSED) 

ON (CLOSED) OFF (OPEN) 


TL191 TWIN DUAL COMPLEMENTARY SPST SWITCH 


schematic (each channel) 

vll v cc 




FUNCTION TABLE 


INPUT 

A 

SWITCHES 

SW1 SW2 


L 

H 

OFF (OPEN) ON (CLOSED) 

ON (CLOSED) OFF (OPEN) 

1 


TO OTHER HALF 


Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 








Data Acquisition 


TYPES TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


functional block diagram 



See the preceding two pages for operation of the switches. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Vcc — V ee 36 V 

Positive supply voltage to either drain, VqC — Vq 33 V 

Drain to negative supply voltage, Vq - Vee 33 V 

Drain to source voltage, Vq - Vs ±22 V 

Logic supply to negative supply voltage, V|_|_ - Vee 36 V 

Logic supply to logic input voltage, V|_L - V| 33 V 

Logic supply to reference voltage, V|_L ~ V re f 33 V 

Logic input to reference voltage, V| - V re f 33 V 

Reference to negative supply voltage, V re f - Vee ■ 27 V 

Reference to logic input voltage, V re f - V| . . . 2 V 

Current (any terminal) 30 mA 

Continuous dissipation at (or below) 25 °C free-air temperature (see Note 1): 

TL182MJ, TL185MJ, TL188MJ, TL191MJ 1375 mW 

TL182IJ, TL182CJ, TL185IJ, TL185CJ, TL188IJ, TL188CJ, TL191IJ, TL191CJ 1025 mW 

N package 875 mW 

Operating free-air temperature range: TL182M, TL185M, TL188M, TL191M .... -55°C to 125°C 

TL182I, TL185I, TL188I, TL191I -25°C to 85°C 

TL182C, TL185C, TL188C, TL191C 0°C to 70°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 


NOTE 1 : For operation above 25 °C free-air temperature, see Dissipation Derating Curves, Section 2. In the J package, "M" suffix chips are alloy mounted, 
"I” and “C" suffix chips are glass mounted. 
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electrical characteristics, Vcc = 1 5 V, Vee = -15V, V|_|_ = 5 V, V re f = 0 V (unless otherwise noted) 


TEST CONDITIONS 


V|H 

High-level control 

input voltage 

V| L 

Low-level control 

input voltage 

'IH 

High-level control 

input current 

«IL 

Low-level control 

input current 

'D(off) 

Off-state drain current 

■Sfoff) 

Off-state source current 

'D(on) + 'S(on) 

On-state channel 

leakage current 

r DS(on) 

Drain-to-source 

on-state resistance 

'cc 

Supply current from Vqc 

'EE 

Supply current from V^e 

'LL 

Supply current from V|_|_ 

'ref 

Reference current 

'cc 

Supply current from 

'EE 

Supply current from Vee 

'LL 

Supply current from V|_L 

'ref 

Reference current 


T a = MIN TO MAX 
T a = MIN to MAX 


Both control inputs at 0 V 


Both control inputs at 5 V 


TL1_M 
MIN MAX 


Vj = 5 V 

T a = 25 °C 

10 

T a = MAX 

20 

V| = 0 

T a = MIN to MAX 

-250 

V D = 10 V, Vs = -10 V, 

U 

LO 

< 

H 


V| H =2V, V| L = 0.8 V 


T a = MAX 

100 

V D = -10 V, V S = 10 V, 


T A = 25 °C 



V| H =2 V, V| L = 0.8 V 


T a = MAX 


100 

V D = -10 V, V S = -10 V 


T a = 25 °C 



V| H = 2 V, V| L = 0.8 V 


T a = MAX 


-200 


TL182, 

T A = MIN to 25° 

C 

75 

V D = -10 V, l s = 1 mA, 

TL188 

T a = MAX 


100 

V| H = 2 V, V| L = 0.8 V 

TL185, 

T a = MIN to 25° 

C 

125 


TL191 

T a = MAX 


250 


TL1 _l 

MIN MAX 


switching characteristics, Vcc = 10 V, Vee 


20 V, Vll = 5 V, Vref - 0 V, Ta = 25°C 


Turn-on time 
Turn-off time 


TEST CONDITIONS 


300 12, C[_ = 30 pF, Figure 1 


TL1 


TL1 _l 

TL1 _C 

T> 

fP 

TYP 

TYP 

1 ~i 

? 5 

175 

175 

3£ 

50 

350 

350 
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TYPES TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


V LL = 5V Vcc = 15 V 



C|_ includes probe and jig capacitance. 
V S = 3 V for t on and -3 V for t Q ff . 

Vq = V S 

RL + r DS(on) 

TEST CIRCUIT 



NOTE: A. The solid waveform applies for TL185 and SW1 of TL185 and TL191; the dashed waveform applies for TL1 82 and SW2 of TL1 85 and TL191 . 

B. Vq is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and 
trailing edges of the output waveform. 


FIGURE 1 -VOLTAGE WAVEFORMS 
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TYPES TL500C THRU TL503C 
ANALOG TO DIGITAL-CONVERTER BUILDING BLOCKS 

D2477, DECEMBER 1979- REVISED OCTOBER 1983 


TL500C/TL501C 
ANALOG PROCESSORS 


True Differential Inputs 
Automatic Zero 
Automatic Polarity 

High Input Impedance . . . 109 Ohms Typically 


TL500C CAPABILITIES 

• Resolution ... 14 Bits (with TL502C) 

• Linearity Error . . . 0.001% 

• 4 1 /2-Digit Readout Accuracy with 
External Precision Reference 


TL501C CAPABILITIES 

• Resolution . . . 10-13 Bits (with TL502C) 

• Linearity Error . . . 0.01% 

• 3 1 /2-Digit Readout Accuracy 


T L502C/T L503C 
DIGITAL PROCESSORS 

• Fast Display Scan Rates 

• Internal Oscillator May Be Driven 
or Free-Running 

• Interdigit Blanking 

• Over-Range Blanking 

• Display Test 

• 4 1/2-Digit Display Circuitry 

• High-Sink-Current Digit Driver for 
Large Displays 


TL502C CAPABILITIES 

• Compatible with Popular Seven-Segment 
Common-Anode Displays 

• High-Sink-Current Segment Driver For 
Large Displays 

TL503C CAPABILITIES 

• Multiplexed BCD Outputs 

• High-Sink-Current BCD Outputs 


A 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 


The TL500C and TL501C analog processors and TL502C and TL503C digital processors provide the basic functions for 
a dual-slope-integrating analog-to-digital converter. 


The TL500C and TL501C contain the necessary analog switches and decoding circuits, reference voltage generator, 
buffer, integrator, and comparator. These devices may be controlled by the TL502C, TL503C, by discrete logic, or by a 
software routine in a microprocessor. 

The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The TL502C 
provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD outputs. 



When used in complementary fashion, these devices form a system that features automatic zero-offset compensation, 
true differential inputs, high input impedance, and capability for 4 1 /2-digit accuracy. Applications include the 
conversion of analog data from high-impedance sensors of pressure, temperature, light, moisture, and position. 
Analog-to-digital-logic conversion provides display and control signals for weight scales, industrial controllers, 
thermometers, light-level indicators, and many other applications. 
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TYPES TL500C THRU TL503C 

ANALOG TO DIGITAL-CONVERTER BUILDING BLOCKS 


principles of operation 

The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, Cx, is charged through the 
integrator from Vct for a fixed period of time at a rate determined by the value of the unknown voltage input. Then 
the capacitor is discharged at a fixed rate (determined by the reference voltage) back to Vqt where the discharge time 
is measured precisely. The relationship of the charge and discharge values are shown below (see Figure 1). 


V| ti 

Vex = v C t charge 

R x Cx 

v ref t2 

VCT ~ Vex — — — — Discharge 

Rxc x 


(D 

( 2 ) 


Combining equations 1 and 2 results in: 

V| t2 

v ref ti 

where: 


(3) 


V CT = Comparator (offset) threshold voltage 

V CX = Voltage change across Cx during ti and during t2 (equal in magnitude) 

V| = Average value of input voltage during ti 

ti = Time period over which unknown voltage is integrated 

t2 = Unknown time period over which a known reference voltage is integrated. 

Equation (3) illustrates the major advantages of a dual-slop converter: 

a. Accuracy is not dependent on absolute values of ti and t2, but is dependent on their ratios. Long-term clock 
frequency variations will not affect the accuracy. 

b. Offset values, Vct* are not important. 


The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement cycle into three 
phases. The BCD counter changes at a rate equal to one-half the oscillator frequency. 

auto-zero phase 



The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels to inputs A 
and B of the analog processor. If the trigger input is at a high level, a free-running condition exists and continuous 
conversions are made. However, if the trigger input is low, the digital processor stops the counter at 20,000, entering a 
hold mode. In this mode, the processor samples the trigger input every 4000 oscillator pulses until a high level is detected. 
When this occurs, the counter is started again and is carried to completion at 30,000. The reference voltage is stored on 
reference capacitor C re f, comparator offset voltage is stored on integration capacitor Cx, and the sum of the buffer and 
integrator offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is 
characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and d-c shifted by 
the level shifter. 

integrate-input phase 


The auto-zero phase is completed at a BCD count of 30,000, and high levels are applied to both control inputs to 
initiate the integrate-input phase. The integrator charges Cx for a fixed time of 10,000 BCD counts at a rate determined 
by the input voltage. Note that during this phase, the analog inputs see only the high impedance of the noninverting 
operational amplifier input. Therefore, the integrator responds only to the difference between the analog input terminals, 
thus providing true differential inputs. 
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integrate -reference phase 

At a BCD count of 39,999 + 1 = 40,000 or 0, the integrate-input phase is terminated and the integrate-reference phase 
is begun by sampling the comparator output. If the comparator output is low corresponding to a negative average 
analog input voltage, the digital processor applies a low and a high to inputs A and B, respectively, to apply the 
reference voltage stored on C re f to the buffer. If the comparator output is high corresponding to a positive input, 
inputs A and B are made high and low, respectively, and the negative of the stored reference voltage is applied to the 
buffer. In either case, the processor automatically selects the proper logic state to cause the integrator to ramp back 
toward zero at a rate proportional to the reference voltage. The time required to return to zero is measured by the 
counter in the digital processor. The phase is terminated when the integrator output crosses zero and the counter 
contents are transferred to the register, or when the BCD counter reaches 20,000 and the over-range indication is 
activated. When activated, the over-range indication blands all but the most significant digit and sign. 

Seventeen parallel bits (4-1/2 digits) of information are strobed into the buffer register at the end of the integration 
phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven-segment drivers 
(TL502C) at a rate equal to the oscillator frequency divided by 400. 


BCD COUNTER VALUES 


20,000 30,000 0 20,000 30,000 0 20,000 



FIGURE 1-VOLTAGE WAVEFORMS AND TIMING DIAGRAM 
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ANALOG PROCESSOR 
TL500 0R TL501 


DIGITAL PROCESSOR 

TL502 OR TL503 (See Note A) 



TRIGGER 
INPUT 
(See Note B) 


Q OUTPUTS 
(TL503C ONLY) 


SEVEN-SEGMENT 
OUTPUTS 
(TL502C ONLY) 


FIGURE 2- BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER 
USING TL500C OR TL501C AND TL502C OR TL503C 


MODE 

ANALOG 

INPUT 

COMPARATOR 

CONTROLS 

A AND B 

ANALOG SWITCHES 

CLOSED 

Auto Zero 

X 

Oscillation 

L L 

S3, S4, S7, S9, S10 

Hold* 

Integrate 

Input 

Positive 

H 

H H 

SI , S2 

Negative 

L 

Integrate 

Reference 

X 

H* 

H L 

S3, S6, S7 

L* 

L H 

S3, S5, S8 


H = High, L = Low, X = Irrelevant 


t If the trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal the digital 
processor to continue or resume normal operation. 

*This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 


description of analog processors 

The TL500C and TL501C analog processors are 
designed to automatically compensate for internal 
zero offsets, integrate a differential voltage at the 
analog inputs, integrate a voltage at the reference 
input in the opposite direction, and provide an 
indication of zero-voltage crossing. The external con- 
trol mechanism may be a microcomputer and soft- 
ware routine, discrete logic, or a TL502C or TL503C 
controller. The TL500C and TL501C are designed 
primarily for simple, cost-effective, dual-slope analog- 
to-digital converters. Both devices feature true 
differential analog inputs, high input impedance, 
and an internal reference-voltage source. The TL500C 
provides 4-1 /2-digit readout accuracy when used with 
a precision external reference voltage. The TL501C 
provides 100-ppm linearity error and 3-1 /2-digit 
accuracy capability. These devices are manufactured 
using Tl's advanced technology to produce JFET, 
MOSFET, and bipolar devices on the same chip. The 
TL500C and TL501C are intended for operation over 
the temperature range of 0°C to 70° C. 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

ANALOG INPUT 1 
ANALOG INPUT 2 
REF OUTPUT 
REF INPUT 
ANALOG GND 
Cref + 

Cref 

CONTROL B INPUT 
CONTROL A INPUT 


TJl8 


D > 


Cz 


17 

16 p V CC + 

15] BUFFER OUTPUT 
14 ] INTEGRATOR INPUT 
13 ] INTEGRATOR OUTPUT 
12] V C C- 

11 ] DIGITAL COMMON 
10 ] COMPARATOR OUTPUT 


schematics of inputs and outputs 


CONTROL A AND CONTROL B INPUTS 



COMPARATOR OUTPUT 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply voltage, Vcc + (see Note 1) +18V 

Negative supply voltage, Vcc- -18V 

Input voltage, V| ±Vqc 

Comparator output voltage range (see Note 2) 0 V to Vqc + 

Comparator output sink current (see Note 2) 20 mA 

Buffer, reference, or integrator output source current (see Note 2) 10 mA 

Total dissipation at (or below) 25 °C free-air temperature (see Note 3) 875 mW 

Operating free-air temperature range -0°C to 70 °C 

Storage temperature range -65°C to 125°C 



NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground common pin tied together. 

2. Buffer, integrator, and comparator outputs are not short-circuit protected. 

3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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recommended operating conditions 



MIN NOM MAX 

UNIT 

Positive supply voltage, Vcc + 

7 12 15 

V 

Negative supply voltage, Vcc - 

-9 -12 -15 

V 

Reference input voltage, V re f(|) 

0.1 5 

V 

Analog input voltage, V| 

±5 

V 

Differential analog input voltage, V|d 

10 

V 

High-level input voltage, V||_| 

Control inputs 

2 

V 

Low-level input voltage, V|[_ 

Control inputs 

0.8 

V 

Peak positive integrator output voltage, Vqm + 

+ 9 

V 

Peak negative integrator output voltage, Vqm - 

-5 

V 

Full scale input voltage 

2 V ref 


Autozero and reference capacitors, Cz and C re f 

0.2 

m f 

Integrator capacitor, Cx 

0.2 

mF 

Integrator resistor, Rx 

15 100 

kfi 

Integrator time constant, RxCx 

See 

Note 4 


Free-air operating temperature, T A 

0 70 

°C 

Maximum conversion rate with TL502 or TL503 

3 12.5 

conv/sec 


system electrical characteristics at Vcc = ±12 V, V re f = 1,000 ± 0.03 mV, Ta = 25 °C 
(unless otherwise noted) (see Figure 3) 


PARAMETER 

TEST CONDITIONS 

TL501C 

TL500C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Zero error 


50 300 

10 30 

mV 

Linearity error relative to full scale 

V| = -2 V to 2 V 

0.005 0.05 

0.001 0.005 

%FS 

Full scale temperature coefficient 

T A = 0°C to 70°C 

6 

6 

ppm/°C 

Temperature coefficient of zero error 

T A = 0°C to 70 °C 

4 

1 

/A/7°C 

Rollover error * 


200 500 

30 100 

mV 

Equivalent peak-to-peak input noise voltage 


20 

20 

MV 

Analog input resistance 

Pin 1 or 2 

109 

109 

n 

Common-mode rejection ratio 

V| C = - 1 V to + 1 V 

86 

90 

dB 

Current into analog input 

V| = ±5 V 

50 

50 

pA 

Supply voltage rejection ratio 


90 

90 

dB 


Rollover error is the voltage difference between the conversion results of the full-scale positive 2 volts and the full-scale negative 2 volts. 
NOTE 4. The minimum integrator time constant may be found by use of the following formula: 


V|d (full scale) t-| 

Minimum RyCv = , ; — rrr ~. — ~ 

| VoM-| ~ V|(pin 2) 

where 


V|d = voltage at pin with respect to pin 2 

B Vjlpin 2) = voltage at pin 2 with respect to analog ground 
t-| = input integration time seconds 


7-48 


. Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


108: 



TYPES TL500C, TL501C 
ANALOG PROCESSORS 


electrical characteristics at VcC = ±12 V, V r ef = 1 V, Ta = 25°C (see Figure 3) 
integrator and buffer operational amplifiers 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP MAX 

UNITS 

V|0 

Input offset voltage 


15 

mV 

Mb 

Input bias current 


50 

pA 

vom+ 

Positive output voltage swing 


9 

11 

V 

v OM- 

Negative output voltage swing 


-5 

-7 

V 

A VD 

Voltage amplification 


110 

dB 

Bl 

Unity-gain bandwidth 


3 

MHZ 

CMRR 

Common mode rejection 

V|c = -1 Vto+1 V 

100 

dB 

SR 

Output slew rate 


5 

V/jus 


comparator 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNITS 

v IO 

Input offset voltage 


15 

mV 

1 IB 

Input bias current 

— 

50 

pA 

a VD 

Voltage amplification 


100 

dB 

v OL 

Low-level output voltage 

Iql = ^ -6 mA 

200 

400 

mV 

•oh 

High-level output current 

Vqh = 3 V 

5 

20 

nA 


voltage reference output 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

v ref(0) 

Reference voltage 


1.12 

1.22 

1.32 

V 

“Vref 

Reference-voltage temperature 

coefficient 

T/\ = 0°C to 70°C 

80 

ppm/°C 

r o 

Reference output resistance 


3 

n 


logic control section 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNITS 

'IH 

High-level input current 

V| H = 2 V 

1 10 

juA 

'IL 

Low-level input current 

V||_ = 0.8 V 

-40 

-300 

juA 


total device 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNITS 

>CC+ 

Positive supply current 


15 

20 

mA 

'cc- 

Negative supply current 


12 

18 

mA 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 


PARAMETER MEASUREMENT INFORMATION 


PRECISION 

VOLTAGE 

SOURCE 


100 kJ2 (1) 

— vw — 


100 k£2 (2) 

— VW— — 

» V re f = 

1,000 ±0.03 mV 


(4) 

(7) 

C re f = 1 mF I 
(See Note D) ( 5 ) 

(18) 

Cz = 1 mF 
(see Note D) 

L Tm 


> 

CD 

-12 V 
(1 2 ) | 

V CC+ 

V CC- 

N 

COMPARATOR 

l ANALOG 

OUTPUT 

I INPUTS 


CONTROL A 

REF 

CONTROL B 

INPUT 

Cref+ 

BUFFER 

„ OUTPUT 

c ref— 

c z 

INTEGRATOR 

INPUT 

C Z 

INTEGRATOR 

OUTPUT 

ANALOG 

DIGITAL 

GND 

COMMON 






( 10)1 


( 8 ) 


MPU 

LOGIC 

CONTROLLER 
(See Note C) 




(13) 


; R x = 27 kft 


[ C X = 1 MF 
(see Note D) 


t-| = 100 ms 
from 

v ID(full scale) *1 
r x C x 

V0M-V|(p| N 2 ) 


DIGITAL COMMON 


NOTES: 


Tests are started approximately 5 seconds after power-on. 

Capacitors used are TRW's X363UW poly propylene or eqivalent for C x , C re f, and C^; however for C re f and Cz, film-dielectric capacitors may 
be substituted. 


FIGURE 3-TEST CIRCUIT CONFIGURATION 


external-component selection guide 

The autozero capacitor Cz and reference capacitor C re f should be within the recommended range of operating 
conditions and should have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors 
provide acceptable results. Ceramic and aluminum capacitors are not recommended because of their relatively high 
leakage characteristics. 


The integrator capacitor Cx should also be within the recommended range and must have good voltage linearity and 
low dielectric absorbtion. A polypropylene-dielectric capacitor similar to TRW's X363UW is recommended for 
4-1 /2-digit accuracy. For 3-1 /2-digit applications, polyster, polycarbonate, and other film dielectrics are usually suitable. 
Ceramic and electrolylic capacitors are not recommended. 


Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6, 13, 1, 2, 15) 
must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed at the package, for 
example, by a 0.01- juF ceramic capacitor. 



Analog and digital common are internally isolated and may be a different potentials. Digital common can be within 
4 volts of positive or negative supply with the logic decode still functioning properly. 


The time constant Rx^x should be kept as near the minimum value as possible and is given by the formula: 


where: 


Minimum RxCx = 


V|d (full scale) ti 
| v OM-|~ Vf(pin 2) 


V | d ( f u R scale) = Voltage on pin 1 with respect to pin 2 


ti = Input integration time in seconds 


V|(pin 2) = Voltage on pin 2 with respect to analog ground 
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description of digital processors 

The TL502C and TL503C are control logic devices 
designed to complement the TL500C and TL501C 
analog processors. They feature interdigit blanking, 
over-range blanking, an internal oscillator, and a fast 
display scan rate. The internal-oscillator input is a 
Schmitt trigger circuit that can be driven by an 
external clock pulse or provide its own time base 
with the addition of a capacitor. The typical oscillator 
frequency is 120 kHz with a 470-picofarad capacitor 
connected between the oscillator input and ground. 


TL502 . . . N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


CONTROL B OUTPUT C" 
( D1 (LSB)C 
DIGIT I D2C 

ENABLE <! D3 Q 

OUTPUTS I D4 £ ! 

l^D5 (MSB)* [j 
7-SEGMENT T A C 
DRIVER < BC 
OUTPUTS I^CC 
DIGITAL COMMON C 


1 U20^V C C 

2 19 □ CONTROL A OUTPUT 

U 20,000* 

7 ~2 OSCILLATOR INPUT 
6p TRIGGER 

COMPARATOR INPUT 




7-SEGMENT 

DRIVER 

OUTPUTS 


The TL502C provides seven-segment-display output 
drivers capable of sinking 100 milliamperes and 
compatible with popular common-anode displays. 
The TL503C has four BCD output drivers capable of 
100-milliampere sink currents. The code (see next 
page and Figure 4) for each digit is multiplexed to the 
output drivers in phase with a pulse on the appropriate 
digit-enable line at a digit rate equal to fosc. div, ded 
by 200. Each digit-enable output is capable of sinking 
20 milliamperes. 

The comparator input of each device, in addition to 
monitoring the output of the zero-crossing detector 
in the analog processor, may be used in the display 
test mode to check for wiring and display faults. A 
high logic level (2 to 6.5 volts) at the trigger input 
with the comparator input at or below 6.5 volts 
starts the integrate-input phase. Voltage levels equal 
to or greater than 7.9 volts on both the trigger and 
comparator inputs clear the system and set the BCD 
counter to 20,000. When normal operation resumes, 
the conversion cycle is restarted at the auto zero 
phase. 

These devices are manufactured using I^L and bipolar 
techniques. The TL502C and TL503C are intended 
for operation from 0°C to 70°C. 


TL503 . . . N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


DIGIT 

ENABLE 

OUTPUTS 


(UL t 

{ 


D4 C 

L. D5 (MSB)* C 

QoC 

DIGITAL COMMON Q 


1 

T7T 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8_ 

9 


□ OSCILLATOR INPUT 


* Pin 18 of TL502 provides an output of f osc (oscillator frequencies) 
-+- 20 , 000 . 

* D5, the most significant bit, is also the sign bit. 


TABLE OF SPECIAL FUNCTIONS 


TRIGGER 

INPUT 

COMPARATOR 

INPUT 

FUNCTION 

V| < 0.8 V 

V, <6.5 V 

Hold at auto-zero cycle after completion of conversion 

2 V < V| < 6.5 V 

V| < 6.5 V 

Normal operation (continuous conversion) 

V| < 6.5 V 

V| > 7.9 V 

Display Test: All BCD outputs high 

V| > 7.9 V 

V | <6.5 V 

Internal Test 

Both inputs go to V| > 7.9 V 
simultaneously 

System clear: Sets BCD counter to 20,000. 

When normal operation is resumed, cycle begins with Auto Zero. 
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TYPES TL502C, TL503C 
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DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 


CHARACTER 

TL502C SEVEN-SEGMENT LINES 

TL503C BCD OUTPUT LINES 

□ 

A 

B 

C 

D 

E 

F 

G 

Q3 

8 

02 

4 

Q1 Q 

2 

1 

+ 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 


+1 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 


- 

L 

H 

H 

L 

H 

H 

L 

H 

L 

H h 

■ 

-1 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H h 

■ 


DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4) 


| TL502C SEVEN-SEGMENT LINES 

TL503C BCD OUTPUT LINES 


NUMBER 

A 

B 

C 

D 

E 

F 

G 

Q3 

8 

02 

4 

Q1 Q 

2 

1 

0 L 

L 

L 

L 

L 

L 

H 

L 

L 

L 


1 H 

L 

L 

H 

H 

H 

H 

L 

L 

L 


2 L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

■ 

3 L 

L 

L 

L 

H 

H 

L 

L 

L 

H 


4 H 

L. 

L 

H 

H 

L 

L 

L 

H 

L 


5 L 

H 

L 

L 

H 

L 

L 

L 

H 

L h 

1 

_i 

CO 

H 

L 

L 

L 

L 

L 

L 

H 

H 1 


7 L 

L 

L 

H 

H 

H 

H 

L 

H 

H h 


8 L 

L 

L 

L 

L 

L 

L 

H 

L 

L 1 


9 L 

L 

L 

L 

H 

L 

L 

H 

L 

L ) 

H 


H = high level, L = low level 

schematics of inputs and outputs 


COMPARATOR AND TRIGGER INPUT 


SEGMENT DRIVERS— TL502C 
BCD DRIVERS— TL503C 





CONTROL A AND B OUTPUTS 


1 

L I 

* 16,8 kf) ; 

[ 

> io kn 

OUTPUT 

--- <! 

l s 


COMMON i 

t ^ 

>4.4 kS2 

l . 
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DIGITAL PROCESSORS 


absolute maximum ratings 


[ Supply voltage, Vqq (see Note 5) 

7 

V 

Input voltage, V| 

Oscillator 

5.5 

V 

Comparator or Trigger 

9 

Output current 

BCD or Segment drivers 

120 

mA 

Digit-enable outputs 

40 

Pin 18 (TLC502 only) 

20 

Total power dissipation at (or below) 30 °C free-air temperature (see Note 6) 

875 

mW 

Operating free-air temperature range 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

°C 


NOTES: 5. Voltage values are with respect to the network ground terminal. 

6. For operation above 30 °C free-air temperature, derate linearly at the rate of 9.2 mW/°C. 


recommended operating conditions 



MIN NOM 

MAX 

UNIT 

Supply voltage, V^c 

4.5 5 

5.5 

V 

High-level input voltage, V||_| 

Comparator and trigger inputs 

2 

V 

Low-level input voltage, V| j_ 

Comparator and trigger inputs 

0.8 

V 

Operating free-air temperature j 

0 

70 

°c 
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electrical characteristics at 25°C free-air temperature 


PARAMETER 

TERMINAL 

TEST CONDITIONS 

TL502C 

TL503C 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

V|k Input clamp voltage 

All inputs 

V CC = 4.5 V, l ( = - 12 mA 

-0.8 -1.5 

-0.8 -1.5 

V 

Positive-going input 

VT 4 . 

! 1 threshold voltage 

Oscillator 

Vcc = 5 V 

1.5 

1.5 

V 

Negative-going input 

Vt_ 

threshold voltage 

Oscillator 

V C C = 5 V 

0.9 

0.9 

V 

Vj+ - Vy_ Hysteresis 

Oscillator 

V C C = 5 V 

0.4 0.6 0.8 

0.4 0.6 0.8 


Input current at 

lj+ positive-going input 

threshold voltage 

Oscillator 

V CC = 5 V 

-40 -94 -170 

-40 -94 -170 

mA 

Input current at 

lj_ negative-going input 

threshold voltage 

Oscillator 

V C C = 5 V 

40 117 170 

40 117 170 

jxA 

Vqh " High-level output voltage 

Digit enable 

V C C = 4.5 V, l 0H = 0 

4.15 4.4 

4.15 4.4 

V 

Pin 18 (TL502C only) 

4.25 4.4 


Control A and B 

4.25 4.4 

4.25 4.4 

Vqi_ Low-level output voltage 

Digit enable 

V CC = 4.5 V 

Iq|_ = 20 mA 


0.2 0.5 

V 

Pin 18 (TL502C only) 

Iql = 10 mA 

0.15 0.4 


Control A and B 

Iql = 2 mA 

0.088 0.4 

0.088 0.4 

Segment drivers 

Iql =100 mA 

0.17 0.3 


BCD drivers 

Iql =100 mA 


0.17 0.3 

l| Input current 

Comparator, Trigger 

Vcc = 5.5 V, V| = 5.5 V 

65 100 

65 100 

fiA 

Oscillator 

1 

1 

mA 

l|(_l High-level input current 

Comparator, Trigger 

V C c = 5.5 V, V| = 2.4 V 

-0.6 -1 

-0.6 -1 

mA 

Oscillator 

0.5 

0.5 

l|L Low-level input voltage 

Oscillator 

Vcc = 5.5 V, V, = 0.4 V 

-0.1 -0.17 

-0.1 -0.17 

mA 

Comparator, Trigger 

-1 -1.6 

-1 -1.6 

High-level output current 

|r\u 

(Output transistor off) 

Digit enable 

V CC = 4.5 V 

V 0 = 0.5 V, 

-2.5 -4 

-2.5 -4 

mA 

Pin 18 (TL502C only) 

Vq = 0.5 V 

-0.5 -0.9 


Control A and B 

V 0 = 0.5 V 

-0.25 -0.4 

-0.25 -0.4 

Segment drivers 

Vq = 5.5 V 

0.25 


BCD drivers 

V 0 = 5.5 V 


0.25 

Low-level output current 
" yL (Output transistor on) 

Digit enable 

V C c = 4.5 V, Vq = 3.55 V 

18 23 


mA 

1 QQ Supply current 

V CC 

V C C = 5 5 v 

73 110 

73 1 10 

mA 


TYPES TL502C, TL503C 
DIGITAL PROCESSORS 



TYPES TL502C, TL503C 
DIGITAL PROCESSORS 


special functions t operating characteristics at 25 °C free-air temperature 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input current into 
h 

comparator or trigger inputs 

Vqc = 5.5 V, V| = 8.55 V 

1.2 1.8 

mA 

Vq C = 5.5 V, V| = 6.25 V 

0.5 

mA 


*The comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions. 


TYPICAL APPLICATION DATA 



NOTE E. The BCD or seven-segment driver outputs are present for a particular digit slightly before the falling edge of that digit enable. 

FIGURE 4— TL502C, TL503C DIGIT TIMING WITH 120-kHz CLOCK SIGNAL AT OSCILLATOR INPUT 
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|gf DATA 

■ ACQUISITION 

■ CIRCUITS 

I i 


TYPE TL505C 
ANALOG-TO DIGITAL CONVERTER 

D2366, OCTOBER 1977-REViSED OCTOBER 1983 


N DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

vcc C 

TTO 

D ZERO CAP 2 

ANALOG IN C 

2 13 

D ZERO CAP 1 

REF OUT C 

3 12 

H INTEG RES 

REF IN C 

4 11 

H INTEG IN 

GND H 

5 10 

H INTEG OUT 

B IN £ 

6 9 

H GND 

A IN C 

7 8 

U COMP OUT 


3-Digit Accuracy (0.1%) 

10-Bit Resolution 
Automatic Zero 
Internal Reference Voltage 
Single-Supply Operation 
High-Impedance MOS Input 

Designed for use with TMS 1000 Type 
Microprocessors for Cost-Effective 
High-Volume Applications 

• BI-MOS Technology 

• Only 40 mW Typical Power Consumption 

A 

description 


Caution. This device has limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostic damage to the MOS gates. 


The TL505C is an analog-to-digita! converter building block designed for use with TMS 1000 type microprocessors. It 
contains the analog elements (operational amplifier, comparator, voltage reference, analog switches, and switch drivers) 
necessary for a unipolar automatic-zeroing dual-slope converter. The logic for the dual-slope conversion can be 
performed by the associated MPU as a software routine or it can be implemented with other components such as the 
TL502 logic-control device. 


The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration and offset 
capacitors and permit conversion speeds from 20 per second to 0.05 per second. 


The TL505C is a product of Tl's BI-MOS process, which incorporates bipolar and MOSFET transistors on the same 
monolithic integrated circuit. The TL505C is characterized for operation from 0 C to 70 C. 
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TYPE TL505C 

ANALOG-TO DIGITAL CONVERTER 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 18 V 

Input voltage, pins 2, 4, 6, and 7 Vqc 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 875 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 


NOTES: 1 . Voltage values are with respect to the two ground terminals connected together. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 



MIN 

NOM MAX 

UNIT 

Supply voltage, Vqc 

7 

9 15 

V 

Analog input voltage, V| 

0 

4 

V 

Reference input voltage, V re f(|) 

0.5 

3 

V 

High-level input voltage at A or B, V|H 

3.6 

Vqq + 1 

V 

Low-level input voltage at A or B, V|[_ 

0.2 

1.8 

V 

Integrator capacitor, Cx 

See "component selection" 


Integrator resistor, Rx 

0.5 

2 

M Q 

Integration time, t-j 

16.6 

500 

ms 

Operating free-air temperature, Ta 

0 

70 

°C 


electrical characteristics, Vcc = 9 V, V re f(|) = 1 V, Ta = 25 °C, connected as shown in Figure 1 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

v OH 

High-level output voltage at pin 8 

° 

II 

I 

O 

7.5 

8.5 


V 

'OH 

High-level output current at pin 8 

Vqh = 7.5 V 

- 100 

IxA 

V 0 L 

Low-level output voltage at pin 8 

Iql = 1 -6 mA 


200 

400 

mV 

V 0M 

Maximum peak output voltage 
swing at integrator output 

RX ^ 500 kft 

V C C -2 

< 

O 

o 


V 

v ref(0) 

Reference output voltage 

l re f = — 1 00 fx A 

1.15 

1.22 

1.35 

V 

«Vref 

Temperature coefficient of 
reference output voltage 

T A = 0°C to 70 °C 

±100 

ppm/°C 

'IH 

High-level input current into A or B 

V| = 9 V 

1 10 

mA 

'IL 

Low-level input current into A or B 

V| = IV 


10 

200 

^A 

'1 

Current into analog input 

V| = 0 to 4 V, A input at 0 V 


±10 

±200 

pA 

'IB 

Total integrator input bias current 


±10 

pA 

•cc 

Supply current 

No load 


4.5 

8 

mA 


system electrical characteristics, Vqq = 9 V, V re f(|) = 1 V, Ta = 25 °C, connected as shown in 
Figure 1 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Zero error 

< 

o 


0.1 

0.4 

mV 

Linearity error 

V| = 0 to 4 V 


0.02 

0.1 

%FS 

Ratiometric reading 

V| = V re f(|) = 1 V, 

0.998 

1.000 

1.002 


Temperature coefficient of 
ratiometric reading 

V re f(|) constant and ~ 1 V, 

T a = 0°C to 70 °C 

±10 

ppm/°C 
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TYPE TL505C 
ANALOG-TO DIGITAL CONVERTER 


DEFINITION OF TERMS 

Zero Error 

The intercept (b) of the analog-to-digital converter system transfer function y = mx + b, where y is the digital output, x 
is the analog input, and m is the slope of the transfer function, which is approximated by the ratiometric reading. 

Linearity Error 

The maximum magnitude of the deviation from a straight line between the end points of the transfer function. 

Ratiometric Reading 

The ratio of negative integration time (t2) to positive integration time (ti ). 


PRINCIPLES OF OPERATION 

A block diagram of an MPU system utilizing the TL505C is shown in Figure 1. The TL505C operates in a modified 
positive-integration three-step dual-slope conversion mode. The A/D converter waveforms during the conversion process 
are illustrated in Figure 2. 




FUNCTION TABLE 


CONTROLS 

A B 

ANALOG 

SWITCHES CLOSED 

L L 

SI, S2 

H H 

S3 

X 

_l 

SI, S4 


H = V IH , L = V| L 



V 1 =V 2 -V 3 = V,+Vo(ofs) 


FIGURE 2-CONVERSION PROCESS TIMING DIAGRAMS 
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TYPE TL505C 

ANALOG TO-DIGITAL CONVERTER 


PRINCIPLES OF OPERATION 


The first step of the conversion cycle is the auto-zero period to during which the integrator offset is stored in the 
auto-zero capacitor and the offset of the comparator is stored in the integrator capacitor. To accomplish this, the MPU 
takes the A and B inputs both low. This is decoded by the switch drivers, which close SI and S2.,The output of the 
comparator is connected to the input of the integrator through the low-pass filter consisting of Rz and Cz. The closed 
loop of A1 and A2 will seek a null condition where the offsets of the integrator and comparator are stored in Cz and 
Cx, respectively. This null condition is characterized by a high-frequency oscillation at the output of the comparator. 
The purpose of S2B is to shorten the amount of time required to reach the null condition. 

At the conclusion of to, the MPU takes the A and B inputs both high. This closes S3 and turns all other switches off. 
The input signal V| is applied to the noninverting input of A1 through Cz. V| is then positively integrated by A1 . Since 
the offset of A1 is stored in Cz,the change in voltage across Cx will be due to only the input voltage. It should be 
noted that since the input is integrated in a positive integration during t-j, the output of A1 will be the sum of the input 
voltage, the integral of the input voltage, and the comparator offset, as shown in Figure 2. The change in voltage across 
capacitor Cx (Vqx) during ti is given by 

V| t] 

AVcx,1,= ^ 

where Ri = Rx + RS3B and 

RS3B is the resistance of switch S3B. 



At the end of ti the MPU takes the A input low and the B input high. This turns on SI and S4; all other switches are 
turned off. In this state the reference is integrated by A1 in a negative sense until the integrator output reaches the 
comparator threshold. At this point the comparator output goes high. This change in state is sensed by the MPU, which 
terminates t2 by again taking the A and B inputs both low. During t2 the change in voltage across Cx is given by 


AVcx(2) = 


Vref t2 

R2C X 


( 2 ) 


where R 2 = Rx + RS4 + Rref and 


R re f is the equivalent resistance of the reference divider. 


Since AN/q^-] = ~ ^CX 2 ' equations (1 ) and (2) can be combined to give 


V| = V ref 


R 1 ’ t2 
R2 *ti 


This equation is a variation on the ideal dual-slope equation, which is 


(3) 


V| = V ref — ' (4) 

ti 

Ideally then, the ratio of R 1 /R 2 would be exactly equal to one. In a typical TL505C system where Rx = 1 M£2, the 
scaling error introduced by the difference in Ri and R 2 is so small that it can be neglected, and equation (3) reduces to 
(4). 
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TYPE TL505C 
ANALOG TO-DIGITAL CONVERTER 


TYPICAL APPLICATION DATA 



NOTE 3: Connect to either +9 V or 0 V depending on which device in the TMS 1000 series is used and how it is programmed. 

FIGURE 5— TL505C IN CONJUNCTION WITH A TMS 1000 SERIES MICROPROCESSOR 
FOR A 3-DIGIT DIGITAL PANEL METER APPLICATION 
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DATA 

ACQUISITION 

CIRCUITS 

• Low Cost 

• 7-Bit Resolution 

• Guaranteed Monotonicity 

• Ratiometric Conversion 

• Conversion Speed . . . approximately 1 ms 

• Single-Supply Operation . . . Either 
Unregulated 8-V to 18-V (VcC2 Input), or 
Regulated 3.5-V to 6-V (Vcci Input) 

• |2l Technology 


• Power Consumption at 5 V ... 25 mW Typ 

• Regulated 5.5-V Output (<1 mA) 
description 

The TL507 is a low-cost single-slope analog-to-digital 
converter designed to convert analog input voltages 
between 0.25 Vcci and 0.75 Vcci into a pulse- 
width-modulated output code. It contains a 7-bit 
synchronous counter, a binary-weighted resistor 
ladder network, an operational amplifier, two 
comparators, a buffer amplifier, an internal regulator, 
and necessary logic circuitry. Integrated-injection logic 
(|2 l) technology makes it possible to offer this 
complex circuit at low cost in a small dual-in-line 8-pin 
package. 


TYPES TL507I, TL507C 
ANALOG-TO DIGITAL CONVERTER 

D2503, OCTOBER 1979-REVISED FEBRUARY 1984 


P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


ENABLE C 

clkC 

gndC 

OUTPUT C 



H RESET 
H V CC2 
UVCCI 

1 ANALOG INPUT 


FUNCTION TABLE 


ANALOG 

INPUT CONDITION 

ENABLE 

OUTPUT 

X 

L* 

H 

V| < 200 mV 

H 

L 

Vramp > V| > 200 mV 

H 

H 

v l > v ramp 

H 

L 


^Low level on enable also inhibits the reset function. 
H = high level, L = low level, X = irrelevant 


A high level on the reset pin clears the counter to zero, which sets the internal 
ramp to 0.75 V^c- Internal pull-down resistors keep the reset and enable 
pins low when not connected. 


In continuous operation, it is possible to obtain conversion speeds up to 1000 per second. The TL507 requires external 
signals for clock, reset, and enable. Versatility and simplicity of operation coupled with low cost, makes this converter 
especially useful for a wide variety of applications. 


The TL507C is characterized for operation from 0°C to 70 °C, and the TL507I is characterized for operation from 
-40°C to 85 °C. 

functional block diagram 


COMPARATOR 2 
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TYPES TL507I, TL507C 
ANALOG-TO- DIGITAL CONVERTER 


schematics of inputs and outputs 






absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcci (see Note 1) 6.5 V 

Supply voltage, VcC2 20 V 

Input voltage at analog input 6.5 V 

Input voltage at enable, clock, and reset inputs ±20 V 

On-state output voltage 6 V 

Off-state output voltage i 20 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 725 mW 

Operating free-air temperature range:TL507l -40°C to 85 °C 

TL507C -0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 260 °C 


NOTES: 1 . Voltage values are with respect to network ground terminal unless otherwise noted. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 



recommended operating conditions 



MIN NOM MAX 

UNIT 

Supply voltage, Vcci 

3.5 5 6 

V 

Supply voltage, VcC2 

00 

LO 

00 

V 

Input voltage at analog input 

0 5.5 

V 

Input voltage at chip enable, clock, and reset inputs 

±18 

V 

On-state output voltage 

5.5 

V 

Off-state output voltage 

18 

V 

Clock frequency, f c lock 

125 150 

kHz 
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TYPES TL507I, TL507C 
ANALOG-TO DIGITAL CONVERTER 


electrical characteristics over recommended operating free-air temperature range, Vcci = VqC 2 = 5 V 
(unless otherwise noted) 

regulator section 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

V CC1 

Supply voltage (output) 

V CC2 

= 10 to 18 V, 

ICCI - 0 to - 1 mA 

5 5.5 

6 

V 

■cci 

Supply current 

vcci 

= 5 V, 

VcC2 open 

5 

8 

mA 

•CC2 

Supply current 

V CC2 

= 15 V, 

Vcci 0 P en 

7 

10 

mA 


inputs 


PARAMETER 


TEST CONDITIONS 

MIN 

TYP* 

MAX 

UNIT 

V| H 

High-level input voltage 

Reset and 


2 

V 

V| L 

Low-level input voltage 

Enable 


0.8 

V 

V T + 

Positive-going 
threshold voltage § 



4.5 

V 

v T - 

Negative-going 
threshold voltage § 

Input 


0.4 

V 

V T + 

- Vj_ Hysteresis 



2 

2.6 

4 

V 

l|H 

High-level input current 

Reset, 

V| 

- 2.4 V 


17 

35 

/xA 

Enable, and 

V| 

= 18 V 

130 

220 

320 

IlL 

Low-level input current 

Clock 

V| 

= 0 

±10 

A A 

l| 

Analog input current 


V| 

= 4 V 


10 

300 

nA 


output section 


PARAMETER 

TEST CONDITIONS 

MIN TYP* 

MAX 

UNIT 

•OH 

High-level output current 

Vqh - 18 V 

0.1 

100 

A A 

'OL 

Low-level output current 

V 0 L = 5.5 V 

5 10 

15 

mA 

v OL 

Low-level output voltage 

Iql = 1 6 mA 

80 

400 

mV 


operating characteristics over recommended operating free-air temperature range, Vcci =VCC2 =5.12 V 


PARAMETER 

TEST CONDITIONS 

MIN TYP* MAX 

UNIT 

Overall error 


±80 

mV 

Differential nonlinearity 

See Figure 1 

±1 

LSB 

Zero error § 

Binary count = 0 

1.20 1.28 1.36 

V 

Scale error 

Binary count =127 

o 

00 

+1 

mV 

Full scale input voltage§ 

Binary count =127 

3.74 3.82 3.9 

V 

Propagation delay time from reset or enable 


2 

AS 


* All typical values are at = 25 °C. 

§These parameters are linear functions of V^ci- 


definitions 


zero error 

The intercept (b) of the analog-to-digital converter-system transfer function y = mx + b, where y is the digital output, 
x is the analog input, and m is the slope of the transfer function. 

overall error 



The magnitude of the deviation from a straight line between the endpoints of the transfer function. 

differential nonlinearity 

Maximum deviation of an analog-value change that is asociated with a 1-bit code change (1 clock pulse) from its 
theroretical value of 1 LSB. 
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TYPES TL507I, TL507C 
ANALOG-TO DIGITAL CONVERTER 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1-MONOTONICITY AND NONLINEARITY TEST CIRCUIT 


PRINCIPLES OF OPERATION 



The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage-time or current- 
to-time converters. A study of the functional block diagram shows the versatility of the TL507. 

An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary-weighted 
resistors from the counter are connected to an operational amplifier used as an adder. The operational amplifier generates 
a signal that ramps from 0.75 • Vcci down to 0.25 • Vcci ■ Comparator 1 compares the ramp signal to the analog 
input signal. Comparator 2 functions as a fault defector. With the analog input voltage in the range 0.25 • Vcci 
to 0.75 • Vcci , the duty cycle of the output signal is determined by the unknown analog input as shown in Figure 2 
and the Function Table. 

For illustration assume Vcci = 5.12 V, 

0.25 • Vcci = 1.28 V 

(0.75 - 0.25) Vcci 

1 binary count = — = 20 mV 

1 28 

0.75 • Vcci ~ 1 count = 3.82 V 

The output is an open-collector n-p-n transistor 
capable of withstanding up to 1 8 volts in the off state. 

The output is current limited to the 8- to 
1 2-milliampere range; however, care must be taken 
to ensure that the output does not exceed 5.5 volts 
in the on state. 

The voltage regulator section allows operation from 
either an unregulated 8- to 18-volt VcC2 source or 
a regulated 3.5- to 6-volt Vcci source. Regardless 
of which external power source is used, the internal 
circuitry operates at Vcci - When operating from a 
Vcci source, VcC2 ma Y be connected to Vcci or 
left open. When operating from a VcC2 source, Vcci 
can be used as a reference voltage output. 
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CIRCUITS 


Total Unadjusted Error at 85 °C: 
TL520 ... ±3/4 LSB MAX 
TL521 ... ±1 LSB MAX 
TL522 ... ±1/2 LSB MAX 

8-Bit Resolution 


• Built-in 8-Input Analog Multiplexer 


• Minimum Conversion Time: 
TL520 ... 70 ^s 
TL521 ... 100 /^s 
TL522 . . . 200 /as 


• Ratiometric Conversion 


• Guaranteed Monotonicity 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single-Supply Operation 

TL520, TL521 ... 5 V 
TL522 ... 3 V 


• Low Power Consumption 

TL520, TL521 ... 2.5 mW Typical 
TL522 ... 0.3 mW Typical 


TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8 CHANNEL MULTIPLEXERS 

D2666, SEPTEMBER 1982-REVISED SEPTEMBER 1983 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


DIGITAL 

OUTPUTS 


V CC 

CLOCK 


4 
6 

LSB 2 “ 8 
OUTPUT ENABLE 
REF- 
INPUT 1 
INPUT 2 
INPUT 3 
INPUT 4 
INPUT 5 
INPUT 6 


TJ^n 

27 3 
26 3 
25 3 
24 3 

23 ] 
22 ] 
20 
20 ] 
19 H 
18] 
lO 
16] 
15] 


GND 

START CONVERSION 
2-1 MSB^I 
2-3 I DIGITAL 

2-5 f OUTPUTS 

2-7 J 

END OF CONVERSION 
REF + 

ADDRESS STROBE 
ADDRESS A 
ADDRESS B 
ADDRESS C 
INPUT 8 
INPUT 7 


description 

The TL520, TL521 , and TL522 are monolithic CMOS devices each with an 8-channel multiplexer, and 8-bit analog-to- 
digital (A/D) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by 
a microprocessor through a 3-bit address decoder with address load to select any one of eight single-ended analog 
switches connected directly to a comparator. The 8-bit A/D converter uses a binary-weighted capacitor array to 
implement the high-speed, successive-approximation conversion technique. 

The comparison and conversion methods used eliminate the possibility of missing codes, nonmonotonicity, and the 
need for zero or full-scale adjustment. Also featured are latched 3-state outputs and latched inputs to the multiplexer 
address decoder. The single 5-volt supply and low power requirements make the TL520 and TL521 especially useful 
for a wide variety of applications. The 3-volt and low power requirements make the TL522 especially useful for battery 
and LCD applications. Ratiometric conversion is made possible by access to the reference voltage input terminals. 

The TL520, TL521, and TL522 are characterized for operation from -40°C to 85 °C. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vcc (see Note U 6.5 V 

Positive reference input voltage range, Vref + V REF- to Vqc + 0.3 v 

Negative reference input voltage range, Vref- (see Note U -0.3 V to Vref + 

Input voltage range: all other inputs -0.3 V to Vcc + 0-3 V 

Continuous total dissipation at 25 °C free-air temperature (see Note 2) 1250 mW 

Operating free-air temperature range -40°C to 85 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 

NOTES: 1 , All voltage values are with respect to network ground terminal. 


2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL520, TL521, TL522 

CMOS ANALOG TO-DIGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 


functional block diagram (positive logic) 


MULTIPLEXER FUNCTION TABLE 


START CONVERSION 
OUTPUT ENABLE 


, ( 2 ) 
(27) 


(7) 


| BINARY-WEIGHTED 
CAPACITORS 


( 21 ) 
h (8) 


>“L 

. ( 10 ) 


? ( -Hi 

, ( 12 ) 


| (13) 
. (14) 


, (15) 
(16) 


SWITCH 

MATRIX 


ANALOG 

MULTI- 

PLEXER 


THRESHOLD 

DETECTOR 


TIMING 
r-fc> AND 
CONTROL 


INPUTS 

SELECTED 

ANALOG 

CHANNEL 

ADDRESS 

ADDRESS 

STROBE 

C 

B 

A 

L 

L 

L 

t 

0 

L 

L 

H 

t 

1 

L 

H 

L 

t 

2 

L 

H 

H 

t 

3 

H 

L 

L 

t 

4 

H 

L 

H 

t 

5 

H 

H 

L 

t 

6 

H 

H 

H 

t 

7 


H = high level, L = low level 
t = low-to-high transition 




(6) 

2~ 8 (LSBfl 


(23) 

2 — 7 


(5) 

2-6 I 

OUTPUT 

(24) 

2-5 1 

LATCHES 

(4) 

2-4 f 


(25) 

2-3 I 


(3) 

22 

EN 

(26) 

2-1 (MSB) y 


DIGITAL 

OUTPUTS 


(22M END OF 

CONVERSION 


ADDRESS STROBE 


< 19) 1 
~ (18) 
'( 17 ) 
( 20 ) 


ADDRESS 

DECODER 


internal timing sequence 




INTERNAL START 


1 


* fr 


SAMPLE AND HOLD 
(CAPACITOR CHARGE) 

CONVERSION INTERVAL 
(26 CLOCK CYCLES) 



DATA LATCH 


* fr- 


DIGITAL OUTPUT 



HI-Z-ST ATE- 


’S s- 
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TYPES TLS20, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


TL520, TL521 recommended operating conditions 



TL520 

TL521 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

3 5 5.5 

3 5 5.5 

V 

Positive reference voltage, Vr E f + 

3 V CC 

3 V C C 

V 

Negative reference voltage, Vref- 

0 0.3 

0 0.3 

V 

Supply voltage relative to Vref + (Vcc “ VREF+) 

0 1 

0 1 

V 

Analog input voltage (see Note 3) 

v ref~ v ref + 

v ref- Yref + 

V 

High-level control input voltage, V|h 

V CC > 4.75 V 

< 

o 

o 

! 

cn 

v cc - 1-5 


Low-level control input voltage, V|l 

V C C ^ 4.75 V 

1.5 

1.5 

V 

Clock frequency, f c lock 

VREF+ = 5 V 

260 370 

200 260 

kHz 

Vref + = 3 V 

100 

100 

Conversion time, t conv 

V CC = V RE f + = 5 V 

70 

100 

ixs 

Duration of start pulse, t w ($) 

100 

100 

ns 

Duration of address strobe pulse, t w ( A g) 

200 

200 

ns 

Address setup time, t su 

50 

50 

ns 

Address hold time, th 

50 

50 

ns 

Input voltage hold time 

8 

8 

clock 

periods 

Operating free-air temperature, T A 

in 

CO 

o 

■'t 

-40 85 

°C 


TL522 recommended operating conditions 


1 

MIN NOM MAX 

UNIT 

Supply voltage, Vcc (see Note 4) 

T a = 0°C to 85 °C 

2.75 3 5.5 

V 

T a S -40°C to 0°C 

3 5.5 

Positive reference voltage, Vref + (see Notes 3 and 4) 

2.75 V CC 

V 

Negative reference voltage, Vref- (see Note 3) 

0 0.3 

V 

Supply voltage relative to Vr E f + , Vcc “ V REF + 

0 1 

V 

Analog input voltage (see Note 3) 

Vref- v ref + 

V 

High-level control input voltage, Vm 

0-7 V CC 

V 

Low-level control input voltage, V||_ 

0-3 V CC 

V 

Clock frequency, fclock 

Vref + = 5 v 

100 260 

kHz 

Vr E f 4. = 2.75 V (see Note 4) 

100 130 

Conversion time, t conv (see Note 5) 

200 

us 

Duration of start pulse, t w (S) 

600 

ns 

Duration of address strobe pulse, t w (/\S) 

600 

ns 

Address setup time, t su 

200 

ns 

Address hold time, t^ 

150 

ns 

Input voltage hold time 

8 

clock 

periods 

Operating free-air temperature, T A (see Note 4) 

-40 85 

°C 


NOTES: 3. Analog input voltage greater than Vr EF + converts as all highs and less than V REF _ converts as all lows. 

4. For proper operation of TL522 at free-air temperatures below 0°C, Vcc and differential reference voltage (V REF + - 
less than 3 volts. 

5. Conversion time is a function of clock frequency, with 200 ns corresponding to a maximum clock frequency of 130 
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TYPES TL520, TL521 

CMOS ANALOG-TO-DIGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 


TL520, TL521 electrical characteristics over recommended operating free-air temperature range, 
Vcc = 4.5 V to 5.25 V (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPf MAX 

UNIT 

Vqh High-level output voltage 

lO = -360 /xA 

4 

V 

Vql Low-level output voltage 

Iq = 1.6 mA 

0.4 

V 

Off-state (high-impedance 
state) output current 

V 0 = 5 V 

1 

H A 

o 

II 

o 

> 

-1 

High-level control 

Iih 

input current 

V, = Vcc + 0.3 v 

1 

/*A 

Low-level control 
l|L 

input current 

V| = 0 

-1 


Peak analog input 
l|(op) current (operating) 

(see Note 6) 

Vcc = Vref+ = 5 V, V| = 2.5 V 
fclock = 200 kHz, Ta = 25 °C 

-5 -10 

/iA 

Analog input 

h(stdby) current (standby) 

(see Note 7) 

Vcc = 5 V, V| = 5 V 

10 200 

nA 

T a = 25 °C V| = 0 

-10 -200 

VCC = 5 V, V| = 5 V 

1 

^A 

H 

> 

II 

00 

U1 

o 

o 

< 

II 

O 

-1 

Supply current 

CC (see Note 8) 

REF+ and REF- terminals open, 
fclock = 200 kHz 

10 50 

ft A 

Supply current plus 

ICC + ( REF + reference current 
(see Note 8) 

VCC = Vref+ = 5 V, Vref- = 0, 
fclock = 200 kHz 

0.5 1 

mA 

Vcc = Vref + = 3 V, Vref- = 0, 

fclock = 100 kHz 

0.1 


^All typical characteristics are at Vcc = 5 V and T A = 25 °C (unless otherwise specified) 

NOTES: 6. I| (op) ' s measured on a selected channel and decays exponentially during the first clock pulse. 

7. I|( s tdby) ' s measured on a selected channel with the clock input at 0 V. 

8. Current increases linearly with frequency of the clock at the rate of approximately 10% per 100 kHz. 


TL520, TL521 operating characteristics, Ta = 25 °C, Vcc = Vref + = 5 V, Vref- = 0, 
fclock = 370 kHz for TL520 and 260 kHz for TL521 (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TL520 

TL521 

UNIT 

MIN TYP* MAX 

MIN TYPf MAX 

Supply voltage 

ksvS 

sensitivity 

v cc = Vref 4- = 4 75 V to 
5.25 V 

0.05 

0.05 

%/V 

Linearity error (see Note 9) 


±0.25 

±0.5 

LSB 

Origin error (see Note 9) 


±0.25 

±0.25 

LSB 

Total unadjusted 

error (see Note 9) 

T a = 25 °C 

±0.25 ±0.5 

±0.5 

LSB 

T A = - 40 °C to 85°C 

±0.75 

±1 

t en Output enable time 

C L = 50 pF 

TOO 250 

100 

ns 

tdjs Output disable time 

C L = 10 pF, R L = 10 kfi 

100 250 

100 

ns 

Delay time, end-of- 
fdlEOC-L) conversion output 


0 100 

0 100 

ns 


^Typical values for all except supply voltage sensitivity are at Vcc = 5 V. 

NOTE 9: All errors are measured with referehce to an ideal straight-line transfer curve from 9.8 mV to 4.99 V with REF+ = Vqq. 
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TYPE TL522 

CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


TL522 electrical characteristics over recommended operating free-air temperature range, 
Vqc = 3 V to 5.25 V, fclock =125 kHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYpf 

MAX 

UNIT 



<0 = ~ 1 /*A 

V CC -0.05 


v OH 

High-level output voltage 

V CC = 2.75 V, 

T A = 0°C to 85 °C 

'O 4 “0.1 mA ' 

2.35 

V 



Iq = -0.36 mA, 

V C C = 5 V 





Iq = ixA 

0.05 


voi 

Low-level output voltage 

V CC = 2.75 V, 

T A = 0°C to 85 °C 

Iq = 0.4 mA, 

0.4 

V 



V C C = 5 V, 

1(3 = 1.6 mA 

0.4 


'oz 

Off-state (high-impedance 

V CC = 5.25 V, 

V 0 = 5.5 V 

1 

M A 

state) output current 


o 

ll 

o 

> 

-1 

l|H 

High-level input current 

Vcc = 5.25 V, 

V| = 5.5 V 

1 

m a 

'IL 

Low-level input current 

V, =0 

-1 

m a 

'l(op) 

Peak analog input current 
(operating) (see Note 6) 

Vcc = V REF+ = 3 V, 
fclock = 1 25 kHz, 

V| = 1.5 V, 

T A = 25 °C 

-5 

-10 

fiA 


Analog input 

V C C = 3 V, 

V| = 3 V 

10 

200 

nA 

•l(stdby) 

T a = 25 °C 

V| = 0 

-10 

-200 

(see Note 7) 

V C C = 3 V, 

V, = 3 V 

1 

V* 


T A = 85 °C 

Vj = 0 

-1 

>cc 

Supply current from V^ci 

REF+ and REF- terminals open 

10 

50 


'cc + 'ref 

Supply current plus 

reference current 

VCC = Vref + = 5 v, 

f clock = 200 kHz 

Vref- = o. 

0.5 

mA 

(see Note 8) 

V CC = Vref + = 3 v, 
fclock = 1 25 kHz 

vref- - o, 

0.1 

0.2 

Cj 

Input capacitance 


10 

PF 

Co 

Output capacitance 


10 

pF 


NOTES: 6. I|( 0 p) is measured on a selected channel and decays exponentially during the first clock pulse. 

7. I|(stdby) ' s measured on a selected channel with the clock input at 0 V. 

8. Current increases linearly with frequency of the clock at the rate of approximately 10% per 100 kHz. 


TL522 operating characteristics, Ta = 25 °C, Vref + = 3 V to 5.5 V, Vref- = 0, f c lock = 130 kHz 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPf 

MAX 

UNIT 

kSVS 

Supply voltage sensitivity 


0.05 

%/V 

Linearity error (see Note 9) 


±0.25 

LSB 

Origin error (see Note 9) 


±0.25 

LSB 


Total unadjusted error 

V CC = 2.75 V, T A = 0°C to 70 °C 

±0.25 

±0.5 

LSB 


(see Note 9) 

T a = — 40 °C to 85°C 

±0.25 

±0.5 

fen 

Output enable time 

Cl = 50 pF, Rl = 1 0 kQ 

_____ 07 1 

US 

fdis 

Output disable time 

C L = 10 pF, Rl = 10 kO 

0.6 

0.8 


fd(EOC-L) 

Delay time, end-of- 
conversion output 


0 

100 

ns 


^ All typical values are at Vqq = 3 V, = 25 °C (unless otherwise noted) 

NOTE 9: All errors are measured with reference to an ideal straight-line transfer curve from 9.8 mV to 4.99 V with REF+ = Vcc- 
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TYPES TL520, TL521, TL522 

CMOS ANALOG-TO-DIGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 




DIGITAL OUTPUTS 
2' 1 THROUGH 2“8 
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TYPES TL520, TL521, TL522 
CMOS ANALOG TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


PRINCIPLES OF OPERATION 


timing diagram 

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the input address code. The address 
strobe transfers and latches the address into the decoder on the positive-going edge of the signal. The output latch 
is reset by the postivie-going edge of the start pulse. Sampling also starts with the positive-going edge of the start 
pulse and lasts for 8 clock periods. The conversion process may be interrupted by a new start pulse before the end 
of 24 clock periods. The previous data will be lost if a new start of conversio occurs before the 24th clock pulse. 
Continuous conversion may be accomplished by connecting the end-of-pconversion output to the start input. If used 
in this mode an external pulse should be applied after power up to assure start up. 

converter 

The CMOS threshold detector in the successive-approximation conversion system determines each bit by examining 
the charge on a series of binary-weighted capacitors (Figure 1 ). In the first phase of the conversion process, the analog 
input is sampled by closing switch Sc and all Sj switches, and by simultaneously charging all the capacitors to the 
input voltage. 

In the next phase of the conversion process, all Sj and Sc switches are opened and the threshold detector begins 
identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. In the switching 
sequence, all eight capacitors are examined separately until all 8 bits are identified, and then the charge-convert sequence 
is repeated. In the first step of the conversion phase, the threshold detector looks at the first capacitor (weight = 1 28). 
Node 1 28 of this capacitor is switched to the reference voltage, and the equivalent nodes of all the other capacitors 
on the ladder are switched to REF - . If the voltage at the summing node is greater than the trip-point of the threshold 
detector (approximately one-half the reference voltage), a bit is placed in the output register, and the 1 28-weight 
capacitor is switched to REF - . If the voltage at the summing node is less than the trip point of the threshold detector, 
this 1 28-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-counting) 
process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, 
until all bits are counted. 

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. The conversion 
process is succcessive approximation, but relies on charge shifting rather than a successive-approximation register 
(and reference D/A) to count and weigh the bits from MSB to LSB. 



TO 

OUTPUT 

LATCHES 
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TYPES TL520, TL521, TL522 

CMOS ANALOG-TO-DIGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 


TYPICAL APPLICATION INFORMATION 

The TL520, TL521, and TL522 are CMOS devices using charge redistribution to achieve A/D conversion. In typical 
applications as a ratiometric conversion system for a microprocessor, REF- will be connected to ground and REF + 
will be connected to Vcc- The output will then be a simple proportional ratio between the analog input voltage and 
VCC figure 3). The general relationship is 


D out = v in 

28 Vref+ - V REF _ 

where D ou t = decimal value of binary output word 
Vj n = analog input voltage 
V REF+ = positive reference voltage = \ZqC 
Vref- = negative reference voltage = V<3ND 

Latchup may overheat and destroy the device and may occur by either of two kinds of circumstances: out of range 
reference voltages or by incorrect power-up sequence. Vref 4 - should not be more positive than Vcc by more than 
300 millivolts or Vref - should not be more negative than GND by more than 300 millivolts. Apply Vcc before either 
of the reference voltages. The advantage of the compressed reference potential is that the full 8-bit resolution applies 
to be compressed voltage range (Figure 4). However, the cautions mentioned above must be observed. Operation 
at voltages down to Vcc = 8 volts is possible but limits the frequency to 1 00 kilohertz maximum and thus conversion 
time to 260 microseconds minimum. Interface for the common microprocessors is shown in Figure 2. 


MICROPROCESSOR INTERFACE TABLE 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

TMS7000 

RD 

WR 

EINT 

TMS9900 

MEMEN 

WE 

INTREQ 

8080 

MEMR 

MEMW 

INTR (Thru RST Circuit) 

8085 

RD 

WR 

INTR (Thru RST Circuit) 

Z-80 

RD 

WR 

INT (Thru RST Circuit, Mode 0) 

SC/MP 

NRDS 

NWDS 

SA (Thru Sense A) 

6800 

VMA + 2 R/W 

VMA +2 R/W 

IRQA or IRQB (Thru PIA) 




* The full-scale value of the analog input voltage can be shifted between 3 volts and 6.5 volts by varying Vref- and V CC- but on, Y 5 vo,ts guarantees TTL 
compatibility. 


FIGURE 2 - TYPICAL MICROPROCESSOR APPLICATION 
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TYPES TL520, TL521, TL522 
CMOS ANALOG -TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


TYPICAL APPLICATION INFORMATION 


5 V SUPPLY O- 




200 kHz” — 
SEE 1 
OPERATING J 
SEQUENCE T 
DIAGRAM 

r- 

i- 

1 

TRANSDUCER j 

001 i 

r- 

l- 


VCC A/D 


REF + 


REF- 

00 

1 

eg 

> CLK 

r~- 

1 

CN 

START 


CONV 


OE 

2-5 

> AS 

2-4 

INPUT 1 

2-3 

ADA 

2-2 

ADB 

2-1 

ADC 



EOC 

GND 



DIGITAL 

DATA 

OUTPUTS 



RESOLUTION = 19.5 mV 


FIGURE 3 - RATIOMETRIC SYSTEM 


5 V SUPPLY O- 
4.0 V- 
0.16 V- 
200 kHz - 


SEE I 
OPERATING J 
SEQUENCE S 
DIAGRAM | 




TRANSDUCER | 


001 C 

— 

1 

v 


V CC A 
REF+ 
REF- 
f>CLK 

START 

COIMV 


INPUT 1 

ADA 

ADB 

ADC 

GND 


2-8 

2-7 

2-6 

2-5 

2-4 

2-3 

2-2 

2-1 

EOC 


} DIGITAL 
DATA 
OUTPUTS 



RESOLUTION = 1 5 mV 

NOTE: Input voltage below Vrep_ converts as all zeros 
Input voltage above Vppp + converts as all ones 

•Equivalent to 9-bit resolution over a 5-V range 



FIGURE 4— COMPRESSED RATIOMETRIC SYSTEM 
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DATA TYPES TL530, TL531 

ACQUISITION CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 

CIRCUITS ADDITIONAL DIGITAL INPUTfOUTPUT CAPABILITY 

. , D2750, NOVEMBER 1983 


I # 8-Bit Resolution 

• Total Unadjusted Error . . . ±0.5 LSB Max for 
TL530 and ± 1 LSB Max for TL531 

• Ratiometric Conversion 

• Conversion Time (Including Access 
Time) . . . 300 fis (290 Clock Cycles) 

• 3-State, Bidirectional I/O Data Bus 

• Up to 12 Digital Inputs Including 3 I/O Pins 

• 10 Analog and 6 Multipurpose Analog or Digital 
Inputs 

• On-Chip 16-Channel Analog Multiplexer 
• Three On-Chip 16-Bit Data Registers 
• Polled or Interrupt Driven 
• Single 5-V Supply Operation 
• Low Power Consumption ... 15 mW Typ 

• Pin-for-Pin Compatible Functional 

Replacements for Motorola MCI 4444 and 
National Semiconductor ADC0830 

description 

The TL530 and TL531 are monolithic CMOS 
peripheral integrated circuits each designed to 
interface a microprocessor for analog data 
acquisition. These devices are complete 
peripheral data acquisition systems on a single 
chip and can convert analog signals to digital 
data from up to 15 external analog terminals. 
Each device features operation from a single 
5-volt supply and additional digital input/output 
capabilities. Each contains a 16-channel analog 
multiplexer, an 8-bit ratiometric analog-to-digital 
(A/D) converter, three 16-bit registers, and 
microprocessor-compatible control logic 
circuitry. Additional features include a built-in 
self-test, six multipurpose (analog or digital) 
inputs, nine external analog inputs, and an 8-pin 
input/output (I/O) data port. The three on-chip 
data registers store the control data, the 
conversion results, and the input digital data that 
can be accesssed via the microprocessor data 
bus in two 8-bit bytes (most-significant byte 
first). In this manner, a microprocessor can 
access up to 15 external analog inputs or 6 
digital signals and the positive reference voltage 
that may be used for self-test. 


IN DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


DIGITAL / 1/001 


I/O 




DIGITAL 

INPUTS 


I/O 

DATA 

BUS 


"2 

<1 


I/OD2 
I/OD3 

/ D1 

< D2 

\D3 

'2-1 (MSB) 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

^2-8 (LSB) 

READ/WRITE (R/W) 

CLOCK (CLK) 

REGISTER SELECT (RS) 

CHIP SELECT (CS) 


JREF+ (A1) 

Jvcc 

J INTERRUPT REQUEST (IRQ) 
1 MUX OUT 
1 AO^ 


ANALOG 



FUNCTION TABLE 


ADDRESS/CONTROL 

DESCRIPTION 

R/W 

RS 

CS 

R 

CLK 

X 

X 

X 

L* 


Reset 

L 

H 

L 

H 

1 

Write bus data to control 

register 

H 

L 

L 

H 

t 

Read data from analog 
conversion register 

H 

H 

L 

H 

t 

Read data from ditigal 
data register 

X 

X 

H 

H 

X 

No response 


H = High-level, L = Low-level, X = Irrelevant, 

I = High-to-low transition, t = Low-to-high transition 

^For proper operation. Reset must be low for at least three clock cycles. 
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TYPES TL530, TL531 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


description (continued) 

The A/D conversion uses the successive-approximation technique employing a high-impedance chopper- 
stabilized comparator, a 256R end-compensated voltage divider with analog switch tree, and a successive- 
approximation register (SAR). This method eliminates the possibility of missing codes, nonmonotonicity, 
and a need for zero or full-scale adjustment. Positive and negative reference voltage inputs make possible 
ratiometric conversion and reference isolation from supply noises. 

The TL530I and TL531I are characterized for operation from -40°C to 85°C. 


functional description 



The TL530 and TL531 provide direct interface to a microprocessor-based system. Control of the TL530 
and TL531 is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs (Read/Write, 
Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal registers. 
These registers are the control register, the analog conversion data register, and the digital data register. 

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 

The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted, to select the output 
logic levels and the direction (input or output) of the 3-bit digital I/O port, and to set interrupt enable for 
the Interrupt Request output. The analog conversion data register is a read-only register that contains the 
current converter status and most recent conversion results. The digital data register is also a read-only 
register that holds the 3-bit I/O port status and digital input logic levels from the six multipurpose and the 
three digital inputs. 

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 

Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 

A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion (SC) bit is a logic high. This two-byte instruction also selects the input analog channel, configures 
the 3-bit digital I/O pins, and sets the interrupt enable bit. The status (EOC) bit in the analog conversion 
data register is reset and remains reset until the conversion is completed, at that time the status bit is 
then set again. After conversion, the results are loaded into the analog conversion data register. These 
results remain in the analog conversion data register until the next conversion cylce is com plete d. If the 
interrupt enable bit is set to a logic high level in the control register, the Interrupt Request (IRQ) output 
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TYPES TL530 r TL531 
CMOS 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


functional description (continued) 

will go low after the next conversion cycle is completed. If a new conversion command is entered into 
the control register while the conversion cycle is in progress, the on-going conversion will be aborted and 
a new channel acquisition cycle will immediately begin. 

The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion, interrupt enable, and the 
I/O port data direction bits of the control register are cleared. The A/D converter is then idled and all the 
outputs including the 3-bit I/O digital port are placed in the high-impedance off-state. However, the content 
of the analog conversion data register is not affected by the Reset input going to a low level. 


functional block diagram 



t Loading of the MUX output affects the changing times of the DAC; it is recommended that no connection be made to this pin. 
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NOTES: A. 

B. 

C. 

D. 

E. 

F. 


This is a 16-bit input instruction from the microprocessor being sent to the control data register. 

This is the 2-byte (16-bit) content of the digital data register being sent to the microprocessor. 

This is the LS byte (8-bit) content of the analog conversion data register being sent to the microprocessor. 

This is the LS byte (8-bit) content of the digital data register being sent to the microprocessor. 

These are 8-bit or 1 6-bit output data from either the analog conversion data register or the digital data register being sent to the microprocessor. 

This is the 2-byte (16-bit) content of the analog conversion data register being sent to the microprocessor. 



TYPES TL530, TL531 
CMOS 8-BIT ANALOG TO DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUTfOUTPUT CAPABILITY 


DATA BUS 
LINES 


2-1 2 _ 2 2 _ 3 2 2 -8 2 ~ 8 2~ 7 2 ~ 8 

X 

(MSB) 

IE 

X 

X 

X 

X 

X 

sc 

(LSB) 


-MOST-SIGNIFICANT BYTE- 


2-1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

CO 

l 

CM 

DD 

I/O 

I/O 

I/O 

A3 

A2 

A 1 

AO 

(MSB) 

D3 

D2 

D1 




(LSB) 


- LEAST-SIGNIFICANT BYTE- 


- 16-BIT WRITE - 


Interrupt Enable (IE) — The interrupt enable bit, when set to a logical 1 (high level), allows the IRQ pin to be activated at the completion of the next analog-to- 
digital conversion. 

Unused Bits (X)- The MS byte bits 2 ~ 1 through 2 -7 and LS byte bits 2 _1 through 2 ~ 4 of the control register are not used internally. 

Start Conversion (SC)— When the SC bit in the MS byte is set to a logical 1 (high level), analog-to-digital conversion on the specified analog channel will 
begin immediately after the completion of the control register write. 

I/O Port Data Direction (DD) — The MSB of the LS byte is the data direction bit for the 3-bit I/O port. A logical 1 configures the port as the output while a 
logical 0 configures the port as an input. 

Digital I/O Output (I/OD1 -I/OD3)— When the microcompressor configures the 3-bit I/O port as an output, these are the bit locations into which the output 
states are written. A logical 1 written by the microprocesssor will cause the output to be high, while a logical 0 will cause the output to be low. 

Analog Multiplex Address (A0-A3)— These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 

shown below: 

Hexadecimal Address (A3 = MSB) Channel Select 


0 AO 

1 REF + (A1) 

2-9 A2-A9 

A-F A10-A15 

FIGURE 1-CONTROL REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 


DATA BUS 

LINES 2- 1 2- 2 2-3 2~ 4 2~5 2~® 2~ 7 2 8 2" 1 2~ 2 2“3 2~ 4 2~ 5 2~ 6 2 ~ 7 2~ 8 



A/D Status (EOC)— The A/D status-end-of-converesion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed by the A/D converter. 
The status bit is cleared by a 1 6-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data are always reset to logical 0 to simplify microprocessor interrogation of the A/D converter status. 

A/D Result (R0-R7)— The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog voltage. There are no special overflow or 
underflow indications. 

FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE OR TWO-BYTE READ WORD FORMAT AND CONTENT 


DATA BUS 
LINES 


2-1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 

A15 

A14 

A13 

A12 

All 

A10 

A3 

A2 

/D6 

/D5 

/D4 

/D3 

/D2 

/D1 



(MSB) 







(LSB) 


- MOST-SIGNIFICANT BYTE - 
8-BIT READ 


2 -1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 

A1 

AO 

D3 

D2 

D1 

I/O 

I/O 

I/O 






D3 

D2 

D1 

(MSB) 







(LSB) 


- LEAST-SIGNIFICANT BYTE- 


Shared Digital Port (A10/D1-A1 5/D6)— The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 
bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 

Analog Multiplexer Address (A0-A3)— The address of the selected analog channel presently addressed is given by these bits. 

Digital Inputs (D1-D3)— The states of the three digital inputs are read from these bits. 

Digital I/O Port (I/OD1-I/OD3) — The states of the three digital I/O pins are read from these bits regardless of whether the port is configured as input or output. 

FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 
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TYPES TL530, TL531 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUTfOUTPUT CAPABILITY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) -0.3 V to 6.5 V 

Input voltage range: Positive reference voltage Vref- to Vcc + 0-3 V 

Negative reference voltage -0.3 V to Vref + 

All other inputs -0.3 V to VqC + 0.3 V 

Input current, l| (any input) ±10 mA 

Total input current (all inputs) ±20 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) , 1250 mW 

Storage temperature range -65°C to 150°C 

Operating free-air temperature range -40°C to 85 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 



TL530 

TL531 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.75 5 5.5 

4.75 5 5.5 

V 

Positive reference voltage, Vref + (see Note 3) 

4.6 V CC 

4.6 V cc 

V 

Negative reference voltage, Vref- (see Note 3) 

0 0.1 

0 0.1 

V 

Average voltage across ladder 

V C C -O- 2 V CC v CC + 0.2 

Vcc -0 - 2 V CC V cc +0.2 

V 

High-level input 
voltage, V|h 

Clock input 

V CC -0.8 

< 

n 

o 

o 

V 

All other digital inputs 

2 

2 

Low-level input 
voltage, V||_ 

Any digital input 

0.8 

0.8 

V 

Clock frequency, fcLK 

0.1 1.048 

0.1 1.048 

MHz - 

Clock period, 1/fcLK 

943 

943 

ns 

CS setup time, t su (cs) 

100 

100 

ns 

Address (R/W and RS) setup time, t su (/\) 

145 

145 

ns 

Data bus input setup time, t su (b us ) 

185 

185 

ns 

Control (R/W, RS, and CS) hold time, th(Q 

20 

20 

ns 

Data bus input hold time, th(bus) 

20 

25 

ns 

Pulse duration of control inputs during read cycle, t w (Q 

575 

575 

ns 

Pulse duration, reset low, t w |_(reset) 

3 

3 

Clock 

Cycles 

Pulse duration of clock high, t w R(CLK) ' 

440 

440 

ns 

Pulse duration of clock low, t w |_(CLK) 

410 

410 

ns 

Clock rise time, t r (CLK) 

25 

25 

ns 

Clock fall time, tf(CLK) 

30 

30 

ns 

Operating free-air temperature, T^ 

-40 85 

-iL 

o 

00 

CJI 

°C 


NOTE 3: Analog input voltages greater than or equal to that applied to the REF+ terminal convert to all ones (11111111), while input voltages equal to 
or less than that applied to the REF- terminal convert to all zeros (00000000). 
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TYPE TL530 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUTjOUTPUT CAPABILITY 


electrical characteristics over recommended ranges of Vcc- V REF + . and operating free-air temperature, 
VreF- = 0, fCLK = 1-048 MHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP^ 

MAX 

UNIT 

V<3H 

High-level 

I/O Digital pins 3, 4, and 5 

Iqh = ~ 190 /xA 

Vcc-0-4 


output voltage 

I/O Data Bus 

Iqh = ~ 1 .6 mA 

2.4 


v OL 

Low-level 

I/O Digital pins 3, 4, and 5 

lOL = 975 jiA 

0.4 

v 

output voltage 

IRQ and I/O Data Bus 

Iql — 1-6 mA 

0.4 


l|H 

High-level 

Any control input 

V| H - 5.5 V 

1 

aA 

input current 

Any other digital input 

10 

IlL 

Low-level 

Any control input 

V|L = 0 

-1 

A A 

input current 

Any other digital input 

-10 

! oh 

High-level 

output current 

IRQ output 

v OH = V CC = 4 75 V 

10 

/xA 

>oz 

Off-state (high-impedance-state) 

v O= V CC 

10 

/xA 

output current 


< 

o 

II 

o 

- 10 

ll 

Analog input current (see Note 4) 

V| = 0 to Vcc 

±500 

nA 

Leakage current between selected channel 
and all other analog channels 

V| = 0 to Vcc- 
Clock input at 0 V 

±400 

nA 

r i(on) 

Analog channel input on-state resistance 


5 

kfi 

Ladder resistance (REF± to REF-) 


1 5 

10 

kfi 


Input capacitance 

Digital pins 9 thru 1 6 


7 

30 

PF 


Any other input pin 


5 

15 

l CC + , REF + 

Supply current plus reference current 

V C C = Vr EF + = 5.5 V, 
Outputs open 

3 

16 

mA 

'cc 

Supply current 


V C C = 5.5 V 

2 

10 

mA 


"^Typical values are at Vqq ** 5 V, = 25 °C. 

NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 
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TYPE TL530 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUTjOUTPUT CAPABILITY 


operating characteristics over recommended ranges of Vcc> Vref +.» and operating free-air temperature, 
VreF- at ground, fCLK = 1-048 MHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Linearity error 

See Note 5 

±0.5 

LSB 

Zero error 

See Note 6 

±0.5 

LSB 

Full-scale error 

See Note 6 

±0.5 

LSB 

Total unadjusted error 

See Note 7 

±0.5 

LSB 

Absolute accuracy error 

See Note 8 

±1 

LSB 

*conv 

Conversion time (including 
channel acquisition time) 


290 

Clock 

Cycles 

t acq 

Channel acquisition time 


30 

Clock 

Cycles 

ten 

Data output enable time (see Note 9) 

R[_ = 3 kft, Cl = 50 pF, 

335 

ns 

tdis 

Data output disable time 

Rl = 3 kfi. Cl = 50 pF 

10 

ns 

tr(bus) 

Data bus output 

High-impedance to high-level 

Rl = 3 kfi. Cl = 50 pF 

150 

ns 

rise time 

Low to high-level 

300 

tr(l/0) 

Digital I/O 

High-impedance to high-level 


0.5 

/iS 

output rise time 

Low to high-level 


1 

tf(bus) 

Data bus output 

High-impedance to low-level 

R l = 3 kO, C L = 50 pF 

150 


fall time 

High to low-level 

300 


tf(l/0) 

Digital I/O 

High-impedance to low-level 


0.5 

ns 

output fall time 

High to low-level 


T 

tf(IRQ) 

IRQ output 

fall time 

High-impedance or high-level 

to low-level 


0.5 

ns 


^Typical values are at Vqq = 5 V, = 25 °C. 

NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 
errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the A/D converters finite resolution. 

9. If chip-select setup time, t su (cs). is less than 0.14 microseconds, the effective data output enable time, t en , may extend such that t su (QS) 
+ t en is equal to a maximum of 0.475 microseconds. 




7-84 


w Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


1 21 



TYPE TL531 

CMOS 8 BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


electrical characteristics over recommended ranges of VcC- Vref + . and operating free-air temperature, 
VREF- = 0, fCLK = 1-048 MHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYPt MAX 

UNIT 

VOH 

High-level 

I/O Digital pins 3, 4, and 5 

l 0 H = -190 A 

VCC - 0.4 


output voltage 

I/O Data Bus 

Iqh = -1.6 mA 

2.4 


VOL 

Low-level 

I/O Digital pins 3, 4, and 5 

'OL = 975 ii A 

0.4 


output voltage 

IRQ and I/O Data Bus 

IqL =1.6 mA 

0.4 


•iH 

High-level 

Any control input 

V|h = 5.5 V 

1 

jtiA 

input current 

Any other digital input 

10 

'IL 

Low-level 

Any control input 

o 

_j 

> 

- 1 

/*A 

input current 

Any other digital input 

-10 

'OH 

High-level 

output current 

IRQ output 

Vqh = V C C = 4.75 V 

10 

^A 

'oz 

Off-state (high-impedance-state) 

V 0 = V CC 

10 

fA 

output current 

. 

< 

o 

II 

o 

-10 

'I 

Analog input current (see Note 4) 

V| = 0 to Vcc 

±700 

nA 


Leakage current between selected channel 

V| = 0 to VqC' 

±500 

nA 


and all other analog channels 

Clock input at 0 V 

r i(on) 

Analog channel input on-state resistance 


5 

kfi 

Ladder resistance (REF+ to REF-) 


1 5 10 

kfi 


Input capacitance 

Digital pins 9 thru 1 6 


o 

00 

pF 


Any other input pins 


5 15 

'cc + 'reft 

Supply current plus reference current 

V C C = VREF+ = 5.5 V, 
Outputs open 

3 16 

mA 

•cc 

Supply current 


V C C = 5.5 V 

2 10 

1 mA 


^Typical values are at V(;c = 5 V, T a = 25°C. 

NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 
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TYPE TL531 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


operating characteristics over recommended operating free-air temperature range, Vref + = VcC- 
Vref- at ground, fCLK = 2 MHz (unless otherwise noted) 



NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 
errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the A/D converters finite resolution. 

9. If chip-select setup time, t su (QS)> ls less than 0.14 microseconds, the effective data output enable time, t en , may extend such that t su (Qg) 
+ t en is equal to a maximum of 0.475 microseconds. 
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DATA 

ACQUISITION 

CIRCUITS 

• 8-Bit Resolution 


TYPES TL532, TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


D2818, OCTOBER 1983 


Total Unadjusted Error ... ±0.5 LSB Max for 
TL532 and ± 1 LSB Max for TL533 

Access Plus Conversion Time . . . 300 n s (290 
Clock Cycles) 

Ratiometric Conversion 
3-State, Bidirectional I/O Data Bus 
5 Analog and 6 Multipurpose Inputs 
On-Chip 12-Channel Analog Multiplexer 
Three On-Chip 16-Bit Data Registers 

Software Compatible with Larger TL530 and 
TL531 (21 -Input Versions) 

Single 5-V Supply Operation 

Low Power Consumption ... 15 mW Typ 

Pin-for-Pin Compatible and Functionally 
Compatible with Motorola MCI 4442 

Direct Replacement for National Semiconductor 
ADC0829 


N DUAL IN LINE PACKAGE 
(TOP VIEW) 


2“1 (MSB) | 
2-2 
2-3 | 

1/0 2-4 

DATA S 2-5 

bus : c 

2-6 

2-7 | 

^ 2-8 (LSB) | 

READ/WRITE (R/W) 
CLOCK (CLK) 
REGISTER SELECT (RS) 
CHIP SELECT (CS) 


7T 

J28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

1 1 

18 

12 

17 

13 

16 

14 

15 


| REF + (A1) 

I V CC 
I AO "I 


ANALOG 

INPUTS 


A 1 0/D1 

A1 1/D2 

A12/D3 

A13/D4 

A14/D5 

A15/D6_, 

RESET (R) 


ANALOG/ 

DIGITAL 

INPUTS 


description 


ADDRESS/CONTROL [ 

R/W 

RS 

CS 

R 

CLK 

X 

X 

X 

Lt 


L 

H 

L 

H 

i 

H 

L 

L 

H 

t 

H 

H 

L 

i 

H 1 

t 

X 

X 

H 

H 

X 


FUNCTION TABLE 
ROL ~ 

— r DESCRIPTION 

t CLK 

t Reset 

^ ^ Write bus data to control 

register 

^ ^ Read data from analog 

conversion register 
Read data from digital 

\ t 

data register 
\ X No response 


X = Irrelevant, 
Low-to-high transition 


^For proper operation. Reset must be low for at least three clock cycles. 


The TL532 and TL533 are monolithic CMOS H H L H t 

data register 

peripheral integrated circuits each designed to x x H H x No response 

interface a microprocessor for analog data 

acquisition. These devices are complete h = High-level, l = Low-ievei, x = irrelevant, 

peripheral data acquisition systems on a single } * Hl9Molow transition, t - Low-to-high transition 

^ ^ ' 'For proper operation. Reset must be low for at least three clock cycles. 

chip that can convert analog signals to digital 
data from up to 11 external analog terminals. 

Each device features operation from a single 
5-volt supply. Each contains a 1 2-channel analog 
multiplexer, an 8-bit ratiometric analog-to-digital 

(A/D) converter, three 16-bit registers, and microprocessor-compatible control logic circuitry. Additional 
features include a built-in self-test, six multipurpose (analog or digital) inputs, five external analog inputs, 
and an 8-pin input/output (I/O) data port. The three on-chip data registers store the control data, the 
conversion results, and the input digital data that can be accessed via the microprocessor data bus in two 
8-bit bytes (most-significant byte first). In this manner, a microprocessor can access up to 11 external 
analog inputs or 6 digital signals and the positive reference voltage that may be used for self-test. 

The A/D conversion uses the successive-approximation technique employing a high-impedance chopper- 
stabilized comparator, a 256R end-compensated voltage divider with analog switch tree, and a successive- 
approximation register (SAR). This method eliminates the possibility of missing codes, nonmonotonicity, 
and a need for zero or full-scale adjustment. Positive and negative reference voltage inputs make possible 
ratiometric conversion and reference isolation from supply noises. 

The TL532I and TL533I are characterized for operation from -40°C to 85 °C. 
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TYPES TL532, TL533 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


functional description 

The TL532 and TL533 provide direct interface to a microprocessor-based system. Control of the TL532 
and TL533 is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs (Read/Write, 
Register Select, and Chip Select), and the Clock input. Each device contains three 1 6-bit internal registers. 
These registers are the control register, the analog conversion data register, and the digital data register. 

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 



The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six multipurpose inputs. 

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 

Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 

A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion (SC) bit is a logic high. This two-byte instruction also selects the input analog channel to be 
converted. The status (EOC) bit in the analog conversion data register is reset and remains reset until the 
conversion is completed, at that time the status bit is then set again. After conversion, the results are 
loaded into the analog conversion data register. These results remain in the analog conversion data register 
until the next conversion cylce is completed. If a new conversion command is entered into the control 
register while the conversion cycle is in progress, the on-going conversion will be aborted and a new channel 
acquisition cycle will immediately begin. 

The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion bit of the control register 
is cleared. The A/D converter is then idled and all the outputs are placed in the high-impedance off-state. 
However, the content of the analog conversion data register is not affected by the Reset input going to 
a low level. 
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TYPES TL532, TL533 
CMOS 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUTfOUTPUT CAPABILITY 


functional block diagram 


DATA BUS 
( 2-8 _ 2 - 1 ) 
R/W 

cs 

RS 

R 

CLOCK 


ANALOG /DIGITAL 
INPUTS 
(A10/D1 - A15/D6) 


EXTERNAL ANALOG 
INPUTS 
(AO, A2-A5) 


REF + 
REF- 



I I 
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NOTES: A. 

B. 

C. 

D. 

E. 

F. 


This is a 16-bit input instruction from the microprocessor being sent to, the control data register. 

This is the 2-byte (16-bit) content of the digital data register being sent to the microprocessor. 

This is the LS byte (8-bit) content of the analog conversion data register being sent to the microprocessor. 

This is the LS byte (8-bit) content of the digital data register being sent to the microprocessor. 

These are 8-bit or 16-bit output data from either the analog conversion data register or the digital data register being sent to the microprocessor. 

This is the 2-byte (16-bit) content of the analog conversion data register being sent to the microprocessor. 



TYPES TL532, TL533 
CMOS 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUTfOUTPUT CAPABILITY 


2-1 2~2 2~ 3 2 -4 2 ”5 2 ~ ® 2 ~ 7 2~ 3 

X 

(MSB) 

X 

X 

X 

X 

X 

X 

sc 

(LSB) 


- MOST-SIGNIFICANT BYTE - 


X 

X 

X 

X 

A3 

A2 

A1 

AO 

(MSB) 







(LSB) 


-LEAST-SIGNIFICANT BYTE - 


16-BIT WRITE • 


Unused Bits (X)- The MS byte bits 2 ~ 1 through 2~ 7 and LS byte bits 2 ~ 1 through 2" 4 of the control register are not used internally. 

Start Conversion (SC)— When the SC bit in the MS byte is set to a logical 1 (high level), analog-to-digital conversion of the specified analog channel 
will begin immediately after the completion of the control register write. 

Analog Multliplex Address (A0-A3)— These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 
shown below: 


Hexadecimal Address (A3 = MSB) Channel Select 


0 

1 

2-5 


AO 

REF+ (A1) 
A2-A5 


6-9 (not used) 

A-F A10-A15 

FIGURE 1 -CONTROL REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 


DATA BUS 
LINES 


2-1 2~2 2~3 2~ 4 2 ~$ 2~6 2~ 7 2 ~& 


EOC 

0 

0 

0 

0 

0 

0 

0 

(MSB) 







(LSB) 


U MOST-SIGNIFICANT BYTE »| 


k 8-BIT READ H 


2-1 2 - 2 2 3 2~ 4 2 ~ ^ 2 -7 2 3 


R7 

R6 

R5 

R4 

R3 

R2 

R1 

RO 

(MSB) 







(LSB) 


k LEAST-SIGNIFICANT BYTE M 


k 16-BIT READ H 


A/D Status (EOC)— The A/D status end-of-conversion (EOC) bit is set whenever an anaiog-to-digital conversion is successfully completed by the A/D converter. 
The status bit is cleared by a 1 6-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data register are always reset to logical 0 to simplify microprocessor interrogation of the A/D converter status. 

A/D Result (R0-R7)— The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog voltage. There are no special overflow 
or underflow indications. 

FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 


DATA BUS 

LINES 2 ~ 1 2~ 2 2 3 2 ~ 4 2 5 2 6 2 7 2~8 2 ~^ 2" 2 2 3 2~ 4 2 5 2 6 2 1 2 8 


A1 5 

A 1 4 

A 1 3 

A12 

A 1 1 

A10 

A3 

A2 

/D6 

/D5 

/D4 

/D3 

/D2 

/D 1 



(MSB) 







(LSB) 


A1 

AO 

X 

X 

X 

X 

X 

X 

(MSB) 







(LSB) 


M MOST-SIGNIFICANT BYTE N 


k LEAST-SIGNIFICANT BYTE W 


K 


8-BIT READ 


M 


M 16 BIT READ 

Shared Digital Port (A 10/DI -A1 5/D6) - The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 
bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 

Analog Multiplexer Address (A0-A3)- The address of the selected analog channel presently addressed is given by these bits. 

Unused Bits (X)— LS byte bits 2 _ 3 through 2 ~~ 3 of the digital data register are not used. 



FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 


83 

, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


7-91 


Data Acquisition 


Data Acquisition 


TYPES TL532, TL533 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VqC (see Note D -0.3 V to 6.5 V 

Input voltage range: Positive reference voltage VreF- to Vcc + 0.3 V 

Negative reference voltage -0.3 V to Vref + 

All other inputs . . . . -0.3 V to Vqc + 0.3 V 

Input current, l| {any input) ±10 mA 

Total input current, (all inputs) ±20 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 1250 mW 

Storage temperature range ~65°C to 150°C 

Operating free-air temperature range -40°C to 85 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 


NOTES: 1 . All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. 


recommended operating conditions 



TL532 

TL533 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.75 5 5.5 

4.75 5 5.5 

V 

Positive reference voltage, Vrep+ (see Note 3) 

4.6 Vcc 

4.6 Vcc 

V 

Negative reference voltage, Vrj=f_ (see Note 3) 

0 0.1 

0 0.1 

V 

Average voltage across ladder 

V CC~°- 2 V CC Vcc + 0.2 

Vcc -0 - 2 V cc Vcc+ 0.2 

V 

High-level input 
voltage, Vm 

Clock input 

Vcc-0.8 

Vcc-0.8 

V 

All other digital inputs 

2 

2 

Low-level input 
voltage, V||_ 

Any digital input 

0.8 

0.8 

V 

Clock frequency, fcLK 

0.1 1.048 

0.1 1.048 

MHz 

Clock period, 1/fcLK 

943 

943 

ns 

CS setup time, t su (cs) 

100 

100 

ns 

Address (R/W and RS) setup time, t su (A) 

145 

145 

ns 

Data bus input setup time, t su (b us ) 

185 

185 

ns 

Control (R/W, RS, and CS) hold time, tb(Q 

20 

20 

ns 

Data bus input hold time, th(bus) 

20 

25 

ns 

Pulse duration of control inputs during read cycle, t w (Q 

575 

575 

ns 

Pulse duration, reset low, t w i_(reset) 

3 

3 

Clock 

Periods 

Pulse duration of clock high, t W H<CLK) 

440 

440 

ns 

Pulse duration of clock low, t w L(CLK) 

410 

410 

ns 

Clock rise time, t r (CLK) 

25 

25 

ns 

Clock fall time, tf(CLK) 

30 

30 

ns 

Operating free-air temperature, T/\ 

-40 85 

-40 85 

°C 


NOTE 3: Analog input voltages greater than or equal to that applied to the REF + terminal convert to all ones (11111111), while input voltages equal to 
or less than that applied to the REF- terminal convert to all zeros (00000000). 
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TYPE TL532 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


electrical characteristics over recommended ranges of Vcc> Vref + - and operating free-air temperature, 
Vref - at ground, fCLK = 1 -048 MHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Voh High-level output voltage I/O Data bus 

'OH -1-6 mA 

2.4 

V 

Vol Low-level output voltage I/O Data bus 

>OL = 1-6 mA 

0.4 

V 

High-level Any control input 


1 


,r input current Any other digital input 

V|H 0.0 v 

10 


Low-level Any control input 


-1 


input current Any other digital input 

v|L u 

-10 

JIM 

Off-state (high-impedance-state) 

v 0 = v cc 

10 


>Cm output current 

o 

li 

o 

> 

-10 

\Lf\ 

l| Analog input current (see Note 4) 

V| = 0 to Vcc 

±500 

nA 

Leakage current between selected channel 
and all other analog channels 

V| = 0 to Vcc 

Clock input at 0 V 

±400 

nA 

rj( on ) Analog channel input on-state resistance 


5 

kfi 

Ladder resistance (REF + to REF-) 


1 5 10 

kfi 

o i Digital pins 3 thru 10 


7 30 

rvF 

Cj Input capacitance — 

Any other input pin 


5 15 


ICC + IREF+ Supply current plus reference current 

V C C = Vref+ = 5.5 V, 
Outputs open 

3 16 

mA 

ICC Supply current 

V CC = 5.5 V 

2 10 

mA 


^Typical values are at Vqq = 5 V, = 25°C. 

NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 


operating characteristics over recommended ranges of Vcc* Vref + * and operating free-air temperature, 
VREF- at ground, fCLK = 1 048 MHz (unless otherwise noted) 



^Typical values are at Vqq = 5 V, T/^ = 25 °C. 

NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 
errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the A/D converters finite resolution. 

9. If chip-select setup time, t su (cs), is less than 0.14 microseconds, the effective data output enable time, t en , may extend such that t su (QS) + t en 
is equal to a maximum of 0.475 microseconds. 
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TYPE TL533 

CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


electrical characteristics over recommended ranges of Vqc> Vref + > and operating free-air temperature, 
Vref - at ground, fCLK = 1 -048 MHz (unless otherwise noted) 



^Typical values are at Vqq = 5 V, = 25°C. 

NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 

operating characteristics over recommended ranges of Vcc* Vref + «■ and operating free-air temperature, 
VREF- at ground, fCLK = 1 048 MHz (unless otherwise noted) 



^Typical values are at V^c = 5 V, T^ = 25 °C. 

NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 
errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the A/D converters finite resolution. 

9. If chip-select setup time, t su (cS)' is less than 1 4 microseconds, the effective data output enable time, t en , may extend such that t S u(CS) + t en 
is equal to a maximum of 0.475 microseconds. 
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DATA 

ACQUISITION 

CIRCUITS 


TYPES TL601, TL604, TL607 f TL610 
P MOS ANALOG SWITCHES 


I NOT RECOMMENDED 

I FOR NEW DESIGN 

I For New Design, see TL182 Series 
description 

The TL601 , TL604, TL607, and TL610 are a family 
of monolithic P-MOS analog switches that provide 
fast switching speeds with high r 0 ff/r on ratio and no 
offset voltage. The p-channel enhancement-type MOS 
switches will accept analog signals up to ±10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure is made possible by BI-MOS 
technology, which combines p-channel MOS with 
standard bipolar transistors. 

These switches are particularly suited for use in 
military, industrial, and commercial applications such 
as data acquisition, multiplexers, A/D and D/A 
converters, MODEMS, sample-and-hold systems, sig- 
nal multiplexing, integrators, programmable oper- 
ational amplifiers, programmable voltage regulators, 
crosspoint switching networks, logic interface, and 
many other analog systems. 

The TL601 is an SPOT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPDT switch with one logic control input and one 
enable input. The TL610 is an SPST switch with 
three logic control inputs. The TL610 features a 
higher r 0 ff/r on ratio than the other members of the 
family. 

The TL601M, TL604M, TL607M, and TL610M are 
characterized for operation over the full military 
temperature range of — 55° C to 125°C, the TL601I, 
TL604I, TL607I, and TL610I are characterized for 
operation from — 25° C to 85°C, and the TL601C, 
TL604C, TL607C, and TL610C are characterized for 
operation from 0°C to 70°C. 


D2401 , JUNE 1 976 — REVISED OCTOBER 1983 

JG OR P DUAL-IIM -LINE PACKAGE 
(TOP VIEW) 

TL601 

GND Hi U 8p V C C + 

A[2 7 U S2 

B C 3 6 H SI 

sQf 5j] V C C- 

TL604 

gnd pTTTsT] v C c + 

A[2 7 U SI 

SI c 3 6 H S2 

S2p4 V C C- 

TL607 

GND Hi U 8p Vqc + 

A[2 7 U S2 

ENABLE C 3 6 D SI 

Spj 5_p v C C- 

TL610 

GND pi U" 8 g V C C + 

A [2 7 U C 

B[3 6 D S 

s Cf 5.H vqc- 


TYPICAL OF TYPICAL OF 

ALL INPUTS ALL SWITCHES 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


TL601 


TL604 





FUNCTION TABLE 


| LOGIC INPUTS ] 

ANALOG SWITCH j 

A 

B 

SI 

S2 

L 

X 

OFF (OPEN) 

ON (CLOSED) 

X 

L 

OFF (OPEN) 

ON (CLOSED) 

H 

H 

ON (CLOSED) 

OFF (OPEN) 



FUNCTION TABLE 


LOGIC INPUT 

ANALOG SWITCH 1 

A 

SI 

S2 

H 

ON (CLOSED) 

OFF (OPEN) 

L 

OFF (OPEN) 

ON (CLOSED) 


TL607 


TL610 



FUNCTION TABLE 


INPUTS 

ANALOG SWITCH j 

A 

ENABLE 

SI 

S2 

X 

L 

OFF (OPEN) 

OFF (OPEN) 

L 

H 

OFF (OPEN) 

ON (CLOSED) 

H 

H 

ON (CLOSED) 

OFF (OPEN) 



FUNCTION TABLE 


INPUTS 

ANALOG SWITCH 

S 

ABC 

L X X 

X L X 

XXL 

H H H 

OFF (OPEN) 

OFF (OPEN) 

OFF (OPEN) 

ON (CLOSED) 


H = high logic level 
L = low logic level 
X = irrelevant 

Switch positions shown are for all inputs high. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc+ (see Note 1) 30 V 

Supply voltage, VcC— -30 V 

Vcc+ to Vcc- supply voltage differential 35 V 

Control input voltage Vcc+ 

Switch off-state voltage 30 V 

Switch on-state current 10 mA 

Operating free-air temperature range: TL601M, TL604M, TL607M, TL610M — 55°C to 125°C 

TL601I, TL604I, TL607I , TL61 01 -25°C to 85°C 

TL601C, TL604C, TL607C, TL61 0C 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package 300°C 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package 260°C 



NOTE 1 : All voltage values are with respect to network ground terminal. 
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TYPES TL601, TI604, TL607, TL610 
P-MOS ANALOG SWITCHES 


recommended operating conditions 



TL601M, TL604M 

TL607M, TL610M 

TL601I, TL604I 

TL607I, TL610I 

TL601C, TL604C 

TL607C, TL610C 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq + (see Figure 1) 

5 10 25 

5 10 25 

5 10 25 

V 

Supply voltage, Vcc- (see Figure 1) 

-5 -20 -25 

-5 -20 -25 

-5 -20 -25 

V 

Vcc+ t0 Vqc- supply voltage 
differential (see Figure 1) 

15 30 

15 30 

15 30 

V 

Control input voltage 

0 5.5 

0 5.5 

0 5.5 

V 

Voltage at any analog 
switch (S) terminal 

< 

o 

0 

1 

+ 

00 

< 

o 

o 

1 + 

VCC-+ 8 V CC + 

VCC- + 8 V cc+ 

V 

Switch on-state current 

10 

10 

10 

mA 

Operating free-air temperature, T^ 

-55 125 

-25 85 

0 70 

°C 


Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range of operation 
for supply Vcc + from + 5 V to + 25 V is shown on the vertical axis. The range of Vqc - from - 5 volts to - 25 volts 
is shown on the horizontal axis. A recommended 30-volt maximum voltage differential from Vqc + to Vqc - governs 
the maximum Vcc + f° r a chosen Vcc - (or vice versa). A minimum recommended difference of 1 5 volts from Vcc + 
to Vcc - and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies. 

The designer-selected Vcc + f° r a chosen Vcc - supply values limit the maximum input voltage that can be applied to 
either switch terminal; that is, the input voltage should be between Vcc- +8 V and Vcc+ to ^ ee P th e on-state 
resistance within specified limits. 


RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 



-30 -25 -20 -15 -10 -5 0 

V CC-~ Su PP | y Voltage— V 
FIGURE 1 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


electrical characteristics over recommended operating free-air temperature range, 

VCC+ = 10 V, VcC— = —20 V, analog switch test current = 1 mA (unless otherwise noted) 



PARAMETER 

TEST CONDITIONS* 

TL6 M 

TL6 1 

TL6 C 

UNIT 







MIN 

TYPt 

MAX 

MIN 

TYPt 

MAX 


V| H 

High-level input voltage 


2 

2 

V 

V| L 

Low-level input voltage 


Enable input of TL607M 

0.6 




All other inputs 

0.8 

0.8 


l|H 

High-level input current 

V| = 5.5 V 


0.5 

10 


0.5 

10 

mA 

'IL 

Low-level input current 

V| = 0.4 V 


-50 

-250 


-50 

-250 

M A 

'off 

Switch off-state current 

V|( S w) —10 V, 

T A = 25° C 

-400 

-500 

pA 

See Note 2 



T A = MAX 


-50 

-100 


-10 

-20 

n A 






TL601 










V|( SW ) = 10V, 


TL604 


55 

100 


75 

200 




'O(sw) 1 

TL607 









Switch on-state resistance 




TL610 


40 

80 


40 

100 

n 

r on 




TL601 









V|( S w) = — 1 0 V, 

TL604 


220 

400 


220 

600 




'O(sw) = -1 mA 

TL607 













TL610 


120 

300 


120 

400 


r off 

Switch off-state resistance 


1 X10 11 

5 X 1010 

£2 

Con 

Switch on-state input capacitance 

V|( SW )=0V 

f 

= 1 MHz 


16 

16 

PF 

C 0 ff 

Switch off-state input capacitance 

V|( S w) = 0V.f 

= 1 MHz 


8 

8 

pF 


' 

Logic input(s) 


TL601 

TL604 


5 

10 


5 

10 


'cc+ 

Supply current from Vcc+ 

at 5.5 V, 

All switch 


Enable 

input high 

TL607 


5 

10 


5 

10 



mA 



terminals 


Enable 










open 


input low 














TL610 


5 

10 


5 

10 




Logic input(s) 


TL601 

TL604 


-1.2 

-2.5 


-1.2 

-2.5 


•cc- 

Supply current from Vqq_ 

at 5.5 V, 

All switch 


Enable 

input high 

TL607 


-2.5 

-5 


-2.5 

-5 

mA 



terminals 

open 


Enable 

input low 


-0.05 

-0.5 


-0.05 

-0.5 





_ 


TL610 


-1.2 

-2.5 


-1.2 

-2.5 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
% All typical values are at = 25 C. 

NOTE 2: The other terminal of the switch under test is at Vqq+ = 10 V. 


switching characteristics, Vqq = 10 V, Vqq__ = —20 V, = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

toff Switch turn-off time 

R|_ = 1 kft, Cj_ = 35 pF, See Figure 2 

400 500 

ns 

t on Switch turn-on time 

100 150 
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TYPES TL601, TL604, TL607, TL610 
P MOS ANALOG SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


2.4 V +1UV . 

OR 0^1 3 f •— 

"L-I 1 

,kn l T 



TEST CIRCUIT 

NOTES: A. The pulse generator has the following characteristics: 

Z ou t = t r = 1 5 ns, tf = 15 ns, t w = 500 r 
B. Cl includes probe and jig capacitance. 


C L = 35 pF 
(See Note B) 



Vq= (10 V) 


1 k SI 


1 kfi + r OR 

VOLTAGE WAVEFORMS 


TYPICAL CHARACTERISTICS 


SWITCH ON-STATE RESISTANCE 


vs 



—15 -10 -5 0 5 10 

V|(sw)~ ■ Switch Analog Voltage— V 
FIGURE 3 


SWITCH ON-STATE RESISTANCE 


vs 



-75 -50 -25 0 25 50 75 100 125 

Ta~ F ree-Air Temperature— °C 
FIGURE 4 
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DATA TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 

ACQUISITION LinCMOS™ 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 

CIRCUITS 5 ANALOG AND 6 MULTIPURPOSE INPUTS 

D2819, NOVEMBER 1983 

• LinCMOS™ Technology J or N dual-in-line package 

(TOP VIEW) 

• 8-Bit Resolution 

• Total Unadjusted Error . . . ±0.5 LSB Max 

• Ratiometric Conversion 

• Access Plus Conversion Time: 

TLC532A. . . 15 /4S Max 
TLC533A . . . 30 ^s Max 

• 3-State, Bidirectional I/O Data Bus 

• 5 Analog and 6 Multipurpose Inputs 

• On-Chip 12-Channel Analog Multiplexer 

• Three On-Chip 16-Bit Data Registers 

• Software Compatible with Larger TL530 and 
TL531 (21 -Input Versions) 

• On-Chip Sample-and-Hold Circuit 

• Single 5-V Supply Operation 

• Low Power Consumption . . . 6.5 mW Typ 

• Improved Direct Replacements for Texas 
Instruments TL532 and TL533, National 
Semiconductor ADC0829, and Motorola 
MCI 4442 

description 

The TLC532A and TLC533A are monolithic 
LinCMOS™ peripheral integrated circuits each 
designed to interface a microprocessor for 
analog data acquisition. These devices are 
complete peripheral data acquisition systems on 
a single chip and can convert analog signals to 
digital data from up to 11 external analog 
terminals. Each device features operation from 
a single 5-volt supply. Each contains a 
12-channel analog multiplexer, an 8-bit 
ratiometric analog-to-digital (A/D) converter, a 
sample-and-hold, three 16-bit registers, and 
microprocessor-compatible control logic 
circuitry. Additional features include a built-in 
self-test, six multipurpose (analog or digital) 
inputs, five external analog inputs, and an 8-pin 
input/output (I/O) data port. The three on-chip 
data registers store the control data, the 
conversion results, and the input digital data that 
can be accesssed via the microprocessor data 
bus in two 8-bit bytes (most-significant byte 
first). In this manner, a microprocessor can 
access up to 11 external analog inputs or 6 
digital signals and the positive reference voltage 
that may be used for self-test. 


REF- 
GND 
2“ 1 (MSB) 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2 _ 3 (LSB) 
READ/WRITE (R/W) 
CLOCK (CLK) 
REGISTER SELECT (RS) 
CHIP SELECT (CS) 


I/O 
DATA< 
BUS 



ANALOG 

INPUTS 


2 REF + (AD 

H vcc 
2 AO 
2 A2 
2 A3 
2 A4 
2 A5 
2 A10/D1 ' 
J A11/D2 
2 A12/D3 
2 A13/D4 
2 A14/D5 
2 A15/D6_, 
2 RESET (R) 


ANALOG/ 
> DIGITAL 
INPUTS 


FH CHIP-CARRIER PACKAGE 
(TOP VIEW) 


CN t— Q 

I I Z 

CM CM C? 


O 

o o 
> < 



FUNCTION TABLE 


ADDRESS/CONTROL 

DESCRIPTION 

R/W 

RS 

CS 

R 

CLK 

X 

X 

X 

Lt 


Reset 

L 

H 

L 

H 

4 

Write bus data to control 

register 

H 

L 

L 

H 

t 

Read data from analog 
conversion register 

H 

H 

L 

H 

t 

Read data from ditigal 
data register 

X 

X 

H 

H 

X 

No response 



H = High-level, L = Low-level, X = Irrelevant, 

4- = High-to-low transition, t = Low-to-high transition 

^For proper operation. Reset must be low for at least three clock cycles. 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


description (continued) 

The A/D conversion uses the successive-approximation technique and switched-capacitor circuitry. This 
method eliminates the possibility of missing codes, nonmonotonicity, and a need for zero or full-scale 
adjustment. Any one of 1 1 analog inputs (or self-test) can be converted to an 8-bit digital word and stored 
in 1 0 microseconds (TLC532A) or 20 microseconds (TLC533A) after instructions from the microprocessor 
have been recognized. The on-chip sample-and-hold functions automatically to minimize errors due to noise 
on the analog inputs. Furthermore, differential high-impedance reference inputs are available to help isolate 
the analog circuitry from the logic and supply noises while easing ratiometric conversion and scaling. 

The TLC532AM and TLC533AM are characterized for operation over the full military temperature range 
of - 55 °C to 1 25 °C. The TLC532AI and TLC533AI are characterized for operation from - 40 °C to 85 °C. 


functional description 

The TLC532A and TLC533A provide direct interface to a microprocessor-based system. Control of the 
TLC532A and TLC533A is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs 
(Read/Write, Register Select, and Chip Select), and the Clock input. Each device contains three 1 6-bit internal 
registers. These registers are the control register, the analog conversion data register, and the digital data 
register. 

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 

The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six multipurpose inputs. 

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 



Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


functional description (continued) 

A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion (SC) bit is a logic high. This two-byte instruction also selects the input analog channel to be 
converted. The status (EOC) bit in the analog conversion data register is reset and remains reset until the 
conversion is completed, at that time the status bit is then set again. After conversion, the results are 
loaded into the analog conversion data register. These results remain in the analog conversion data register 
until the next conversion cycle is completed. If a new conversion command is entered into the control 
register while the conversion cycle is in progress, the on-going conversion will be aborted and a new channel 
acquisition cycle will immediately begin. 

The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion bit of the control register 
is cleared. The A/D converter is then idled and all the outputs are placed in the high-impedance off-state. 
However, the content of the analog conversion data register is not affected by the Reset input going to 
a low level. 

functional block diagram 


DATA BUS 
( 2“ 8 — 2 ~ 1 ) 
R/W 

cs 

RS 

R 

CLOCK 


ANALOG/DIGITAL 

INPUT 

(A10/D1 - A15/D6) 


EXTERNAL ANALOG 
INPUT 
(AO, A2 - A5) 


REF+ 

REF- 
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B. This is the 2-byte (16-bit) content of the digital data register being sent to the microprocessor. 

C. This is the LS byte (8-bit) content of the analog conversion data register being sent to the microprocessor. 

D. This is the LS byte (8-bit) content of the digital data register being sent to the microprocessor. 

E. These are 8-bit or 1 6-bit output data from either the analog conversion data register or the digital data register being sent to the microprocessor. 

F. This is the 2-byte (16-bit) content of the analog conversion data register being sent to the microprocessor. 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8-BIT ANALOG TO DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


DATA BUS 



Unused Bits (X)— The MS byte bits 2 ' 1 through 2 and LS byte bits 2 1 through 2 4 of the control register are not used internally. 

Start Conversion (SC)— When the SC bit in the MS byte is set to a logical 1 (high level), analog-to-digital conversion of the specified analog channel 
will begin immediately after the completion of the control register write. 

Analog Multliplex Address (A0-A3)- These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 
shown below: 


Hexadecimal Address (A3 = MSB) 

0 

1 

2-5 

6-9 (not used) 

A-F 


Channel Select 

AO 

REF + (A1) 
A2-A5 

A10-A15 


FIGURE 1-CONTROL REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 


DATA BUS 

LINES 2- 1 2-2 2-3 2 4 2“5 2 6 2 7 2~8 2 ~^ 2~ 2 2“ 3 2 4 2 -5 2 -6 2 7 2'8 



A/D Status (EOC)— The A/D status end-of-conversion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed by the A/D converter. 
The status bit is cleared by a 1 6-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data register are always reset to logical 0 to simplify microprocessor interrogation of the A/D converter status. 

A/D Result (R0-R7) — The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog voltage. There are no special overflow 
or underflow indications. 

FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 


DATA BUS 



Shared Digital Port ( A 1 0/D1 -A1 5/D6)— The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 
bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 

Analog Multiplexer Address (A0-A3)— The address of the selected analog channel presently addressed is given by these bits. 

Unused Bits (X)— LS byte bits 2 " 3 through 2 ~& of the digital data register are not used. 


FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc ( see Note 1) -0.3 V to 6.5 V 

Input voltage range: Positive reference voltage Vref- to Vqc + 0.3 V 

Negative reference voltage -0.3 V to Vref + 

All other inputs -0.3 V to Vqc + 0.3 V 

Input current, l| (any input) . . ±10 mA 

Total input current, (all inputs) ±20 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 1025 mW 

Operating free-air temperature range: TLC532AM, TLC533AM -55°C to 125°C 

TLC532AI, TLC533AI -40°C to 85°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH or J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C 

NOTES: 1. All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 


recommended operating conditions 



TLC532A 

TLC533A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.75 5 5.5 

4.75 5 5.5 

V 

Positive reference voltage, Vref + (see Note 3) 

2.5 V CC V CC + 0.1 

2.5 V CC Vcc + 0.1 

V 

Negative reference voltage, VpjEF- (see Note 3) 

-0.1 0 2.5 

-0.1 0 2.5 

V 

Differential reference voltage, Vref + ~ VreF- 

1 V CC V CC+ 0 - 2 

1 V CC Vcc + 0.2 

V 

High-level input voltage, V|p| 

Clock input 

Vcc-0.8 

Vcc-0.8 

V 

All other digital inputs 

2 

2 

Low-level input voltage, V|[_ 

Any digital input 

0.8 

0.8 

V 

Clock frequency, fcLK 

0.1 2 2.048 

0.1 1.048 1.06 

MHz 

CS setup time, t su (cs) 

75 

100 

ns 

Address (R/W and RS) setup time, t su (/\) 

100 

145 

ns 

Data bus input setup time, t su (| ;)us ) 

140 

185 

ns 

Control (R/W, RS, and CS) hold time, th(Q 

10 

20 

ns 

Data bus input hold time, t^bus) 

~ 5 n 

20 

ns 

Pulse duration of control during read, t w (q 

305 

575 

ns- 

Pulse duration, reset low, t w L( r eset) 

3 

3 

Clock 

Cycles 

Pulse duration of clock high, t w p|(CLK) 

230 

440 

ns 

Pulse duration of clock low, t w [_(CLK) 

200 

410 

ns 

Clock rise time, t r (CLK) 

15 

25 

ns 

Clock fall time, tf(CLK) 

is"! 

30 

ns 

Operating free-air 
temperature, T/\ 

TLC AM 

-55 125 ! 

-55 125 

°C 

TLC Al 

m 

00 

0 

1 

-40 85 


B NOTE 3: Analog input voltages greater than or equal to that applied to the REF+ terminal convert to all ones (11111111), while input voltages equal to 
or less than that applied to the REF - terminal convert to all zeros (00000000) . For proper operation, the positive reference voltage, Vpjpp + , must 
be at least 1-volt greater than the negative reference voltage, Vppp_. In addition, unadjusted errors may increase as the differential reference 
voltage, Vppp + - Vppp_, falls below 4.75 volts. 
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TYPES TLC532AM, TLC532AI 
LinCMOS™ 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


electrical characteristics over recommended operating free-air temperature range, Vref + = Vcc* 
VREF- at ground, fCLK = 2 MHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

v OH 

High-level output voltage 

IqH = —1.6 mA 

2.4 

V 

V 0 L 

low-level output voltage 

lOL = 1 -6 mA 

0.4 

V 

'IH 

High-level 

Any digital or Clock input 

V| H = 5.5 V 

10 

mA 

input current 

Any control input 

1 

IlL 

Low-level 

Any digital or Clock input 

O 

II 

> 

- 10 

/fA 

input current 

Any control input 

- 1 

'oz 

Off-state (high impedance-state) 

Vo = VcC 

10 

m a 

output current 


V 0 = o 

- 10 

'I 

Analog input current (see Note 4) 

V| = 0 to Vcc 

±500 

nA 

Leakage current between selected channel 
and all other analog channels 

V| = 0 to V(X/ 

Clock input at 0 V 

±400 

nA 


Input capacitance 

Digital pins 3 thru 1 0 


4 

30 

pF 

c, 

Any other input pin 


2 

15 

l CC + >REF + 

Supply current plus reference current 

V C C = V REF+ = 5.5 V, 
Outputs open 

1.5 

3 

mA 

>CC 

Supply current 


Vqc = 5.5 V 

1.4 

2 

mA 


NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 


operating characteristics over recommended operating free-air temperature range, Vref + = Vcc* 
VreF- at ground, fCLK = 2 MHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Linearity error 

See Note 5 

±0.5 

LSB 

Zero error 

See Note 6 

±0.5 

LSB 

Full-scale error 

See Note 6 

±0.5 

LSB 

Total unadjusted error 

See Note 7 

±0.5 

LSB 

Absolute accuracy error 

See Note 8 

±1 

LSB 

Conversion time (including 
conv channel acquisition time) 


30 

Clock 

Cycles 

t acq Channel acquisition time 


10 

Clock 

Cycles 

t en Data output enable time (see Note 9) 

C|_ = 50 pF, R[_ = 3 kQ, 

250 

ns 

tdjs Data output disable time 

C[_ = 50 pF, Rl = 3 kfi 

10 

ns 

. Data bus output 

T r(bus) 

rise time 

High-impedance to high-level 

Cl = 50 pF, Rl = 3 kfl 

150 

ns 

Low to high-level 

300 

. Data bus output 

*f(bus) x n . 

fall time 

High-impedance to low-level 

Cl = 50 pF, Rl = 3 kfi 

150 

ns 

High to low-level 

300 


^Typical values are at Vqq = 5 V, = 25°C. 

NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 

Zero error is the difference between the output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 
errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the A/D converters finite resolution. 

If chip-select setup time, t S u(CS)' is less than 0. 1 4 microseconds, the effective data output enable time, t en , may extend such that t su (cs> + fen 
is equal to a maximum of 0.475 microseconds. 
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TYPES TLC533AM, TLC533AI 

LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


electrical characteristics over recommended ranges of VcC- Vref + , and operating free-air temperature, 
Vref- at ground, fCLK = 1-048 MHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP + MAX 

UNIT 

V 0H 

High-level output voltage 

Iqh = ~ 1-6 mA 

2.4 

V 

V 0L 

Low-level output voltage 

Iql =1-6 mA 

0.4 

V 

l|H 

High-level 

Any digital or Clock input 

V| H = 5.5 V 

10 

jiA 

input current 

Any control input 

1 

IlL 

Low-level 

Any digital or Clock input 

o 

li 

> 

-10 

m a 

input current 

Any control input 

- 1 

>0Z 

Off-state (high impedance-state) 

v 0 =v CC 

10 

m a 

output current 


v 0 = o 

- 10 

'I 

Analog input current (see Note 4) 

V| = 0 to Vcc 

±500 

nA 

Leakage current between selected channel 
and all other analog channels 

V| = 0 to Vcc- 
Clock input at 0 V 

±400 

nA 


Input capacitance 

Digital pins 3 thru 10 


o 

CO 

PF 

Uj 

Any other input pin 


2 15 

ICC + I REF + 

Supply current plus reference current 

Vcc = v REF + = 5.5 V, 
Outputs open 

1.3 3 

mA 

>CC 

Supply current 


V CC = 5.5 V 

1.2 2 

mA 


NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 


operating characteristics over recommended ranges Vcc, Vref + * and operating free-air temperature, 
VREF- at ground, fclock = 1 048 MHz for TLC532A and fclock = 1-048 MHz for TLC533A 
(unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYpt MAX 

UNIT 

Linearity error 

See Note 5 

±0.5 

LSB 

Zero error 

See Note 6 

±0.5 

LSB 

Full-scale error 

See Note 6 

±0.5 

LSB 

Total unadjusted error 

See Note 7 

±0.5 

LSB 

Absolute accuracy error 

See Note 8 

±1 

LSB 

Conversion time (including 
conv channel acquisition time) 


30 

Clock 

Cycles 

t aC q Channel acquisition time 


10 

Clock 

Cycles 

t en Data output enable time (see Note 9) 

C L = 50 pF, R L = 3 kfi, 

335 

ns 

tdjs Data output disable time 

Cl = 50 pF, Rl = 3 kfl 

10 

ns 

. Data bus output 

T r(bus) 

rise time 

High-impedance to high-level 

Cl = 50 pF, R L = 3 kfl 

150 

ns 

Low to high-level 

300 

. Data bus output 

r f(bus) ^ M . 

fall time 

High-impedance to low-level 

Cl = 50 pF, Rl = 3 kfi 

150 

ns 

High to low-level 

300 



^Typical values are at Vqq = 5 V, T/\ = 25 °C. 

NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 
errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the A/D converters finite resolution. 

9. If chip-select setup time, t su (cs)> is ,ess than 0.14 microseconds, the effective data output enable time, t en , may extend such that t su (QS) + ten 
is equal to a maximum of 0.475 microseconds. 
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DATA 

ACQUISITION 

CIRCUITS 

• LinCMOS™ Technology 

• 8-Bit Resolution A/D Converter 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error . . . ±0.5 LSB Max 

• Direct Replacement for Motorola MCI 45040 


TYPICAL PERFORMANCE: TLC540 TLC541 

Channel Acquisition Time 2 /is 1 (is 

Conversion Time 10 /*s 19 (is 

Sampling Rate 71 x 10^ 29 x 10^ 

Power Dissipation 6 mW 6 mW 


TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8 BIT ANALOG-TO DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 1 1 INPUTS 

D2799, OCTOBER 1983 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


INPUT AO C 

1 

U20 

INPUT A1 C 

2 

19 

INPUT A2 C 

3 

18 

INPUT A3 C 

4 

17 

INPUT A4 C 

5 

16 

INPUT A5 C 

6 

15 

INPUT A6 C 

7 

14 

INPUT A 7 C 

8 

13 

INPUT A8 C 

9 

12 

GND C 

10 

11 


3D 

O 

O 

O 

O 

5] 

o 


Vcc 

SYSTEM CLOCK 
I/O CLOCK 
ADDRESS INPUT 
DATA OUT 
CS 

REF + 

REF - 

INPUT A10 
INPUT A9 


FK OR FN PACKAGE 
(TOP VIEW) 


description 

The TLC540 and TLC541 are LinCMOSTM a/D 
peripherals built around an 8-bit switched- 
capacitor successive-approximation A/D 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a three- 
state output with up to four control inputs 
[including independent System Clock, I/O Clock, 
Chip Select (CS), and Address Input]. A 
4-megahertz system clock for the TLC540 and 
a 2.1 -megahertz system clock for the TLC541 
with a design that includes simultaneous 
read/write operation allow high-speed data 
transfers and sample rates of up to 71,910 
samples per second for the TLC540 and 29, 1 44 
samples per second for the TLC541 . In addition 
to the high-speed converter and versatile control 
logic, there is an on-chip 12-channel analog 
multiplexer that can be used to sample any one 
of 1 1 inputs or an internal "self-test" voltage, 
and a sample-and-hold that can operate 
automatically or under processor control. 



18 [ I/O CLOCK 
17 [ ADDRESS INPUT 
16 [ DATA OUT 
15[ CS 
14 [ REF + 



The converters incorporated in the TLC540 and TLC541 feature differential high-impedance reference inputs 
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises. 
A totally switched-capacitor design allows guaranteed low-error (±0.5 LSB) conversion in 10 microseconds 
for the TLC540 and 19 microseconds for the TLC541 over the full operating temperature range. 


The TLC540M and the TLC541 M are characterized for operation over the full military temperature range 
of - 55 °C to 125°C. The TLC540I and the TLC541 1 are characterized for operation from -40°C to 85 °C. 
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TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


functional block diagram 


REF+ REF- 



operating sequence 


I ' I 2 I 3 I 4 I S I 6 | 7 |E 


I 1 I 2 I 3 I 4 I 5 I 6 I 7 |f 


c ^° C K^^^ruTjn_rijn_nj~ iiz n n.n n ii n m 

L-_ArrPQ<=__fcJ L SAMPLE ♦ J ACCESS »J U SAMPLE .J 


- ACCESS -►» 
CYCLE B 


_ SAMPLE _ 
CYCLE B 




_ACCESS_ 
CYCLE C 


ADDRESS _ 
INPUT 


MSB LSB 

{b3Yb2Yb^ 


■^wHicsr 


-u- 


*ih 


_ SAMPLE _ 
CYCLE C 





DATA _ 

out" 


◄ PREVIOUS CONVERSION DATA A *- 

MSB LSB MSB 



Hl-Z STATE 

—fh 


NOTE A: The conversion cycle, which requires 40 system clock periods, is initiated with the 8th I/O clock>(,after CS 4- for the channel whose address exists 
in memory at that time. 
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TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8 BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


6.5 V 

-0.3 V to Vcc + 0.3 V 
-0.3 V to Vcc + 0.3 V 

±10 mA 

±30 mA 


Supply voltage, Vcc (see Note 1) 

Input voltage range (any input) 

Output voltage range 

Peak input current range (any input) 

Peak total input current (all inputs) 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 875 mW 

Operating free-air temperature range: TLC540I, TLC541I -40°C to 85°C 

TLC540M, TLC541M -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FK or J package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package 260 °C 

NOTES: 1. All voltage values are with respect to digital ground with REF- and GND wired together (unless otherwise noted). 

2. For operation above 25 °C free-air temperature, see Dissipation Derating Curves, Section 2. In the J package, TLC540M and TLC541M chips 
are alloy mounted, TLC540I and TLC541I chips are glass mounted. 


recommended operating conditions 



TLC540 

TLC541 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.75 5 5.5 

4.75 5 5.5 

V 

Positive reference voltage, Vp^p+ (see Note 3) 

1.25 V CC V cc + 0.1 

1.25 V CC V cc + 0.1 

V 

Negative reference voltage, Vp^F- ( see Note 3) 

-0.1 0 V cc - 1 .25 

0.1 0 V cc - 1 .25 

V 

Differential reference voltage, 

V REF+ ~ Vref — (see Note 3) 

1 V CC V cc + 0.2 

1 V CC V CC+ 0 - 2 

V 

Analog input voltage (see Note 3) 

0 V CC 

0 V c c 

V 

High-level control input voltage, V||_| 

2 

2 

V 

Low-level control input voltage, V||_ 

0.8 

0.8 

V 

Setup time, address bits at data inputs 
before I/O CLKt, t su (/\j 

200 

400 

ns 

Setup time, CS low before clocking in first 

address bit, t su (cs) (see Note 4) 

2 

2 

System 

clock 

cycles 

Input/Output clock frequency, f CLK(l/0) 

0.005 2.048 

0 0.525 

MHz 

System clock frequency, fcLK(SYS) 

f CLK(l/0) 

f CLK(l/0) 

MHz 

System clock high, t wH(SYS ) 

110 

210 

ns 

System clock low, t w |_(SYS) 

100 

190 

ns 

Input/Output clock high, t w (_| (j/Q) 

200 

808 

ns 

Input/Output clock low, t w |_d/o) 

200 

808 

ns 

Clock transition time 

(see Note 5) 

System 

f CLK(SYS) ^ 1048 kHz 

30 

30 

ns 

f CLK(SYS) > 1048 kHz 

20 

20 

I/O 

f CLK(l/0) < 525 kHz 

100 

100 

ns 

f CLK(l/0) > 525 kHz 

40 

40 

Operating free-air 

temperature, T^ 

TLC540M, TLC541M 

-55 125 

-55 125 

°C 

TLC540I, TLC541I 

-40 85 

-40 85 


NOTES: 3. Analog input voltages greater than that applied to REF + convert as all "1 "s (11111111), while input voltages less than that applied to REF - 
convert as all "0"s (00000000). For proper operation, REF+ voltage must be at least 1 volt higher than REF- voltage. Also, adjusted errors 
may increase as this differential reference voltage falls below 4.75 volts. 

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for two system clock cycles (or less) after a chip select 
falling edge is detected before responding to control input signals. Therefore, no attempt should be made to clock-in address data until the chip 
select setup time has elapsed. 

5. This is the time required for the clock input signal to fall from V|f-| min to V||_ max or to rise from V|[_ max to V||p min. 
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Data Acquisition 


TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8 BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 1 1 INPUTS 


electrical characteristics over recommended operating temperature range, 

Vcc = Vref+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/0) = 2.028 MHz for 
TLC540 or fCLK(l/0) = 0.525 MHz for TLC541 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

v OH 

High-level output voltage (pin 16) 

V CC = 4.75 V, Iqh = 360 /jlA 

2.4 

V 

v OL 

Low-level output voltage 

V CC = 4.75 V, l 0 = 3.2 mA 

0.4 

V 


Off-state (high-impedance state) 

v O = V CC' CS at V CC 

10 

/f A 

'OZ 

output current 


V 0 = 0, CS at V CC 

-10 


l|H 

High-level input current 

V| = Vcc + 0-3 V 

0.005 

2.5 

^A 

IlL 

Low-level input current 

V| = 0 

-0.005 

-2.5 

m a 

>CC 

Operating supply current 

CS at 0 V 

1.2 

2 

mA 




Selected channel at Vcc- 
Unselected channel at 0 V 

0.4 1 

m a 



Selected channel at 0 V, 

Unselected channel at Vcc 

-0.4 

-1 

>cc + 

1 REP Supply and reference current 

Vref + = V CC - CSatOV 

1.3 

3 

mA 

Cj 

Input capacitance 

Analog inputs 


7 

55 

pF 


Control inputs 


5 

15 


^ All typical values are at = 25 °C. 


operating characteristics over recommended operating free-air temperature range, 

VCC = Vref + = 4.75 V to 5.5 V, fCLK(l/0) = 2.048 MHz for TLC540 or 
0.525 MHz for TLC541, fCLK(SYS) = 4 MHz for TLC540 or 2.097 MHz for TLC541. 




NOTES: 6. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 

7. Zero Error is the difference between the output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

8. Total Unadjusted Error is the sum of linearity, zero, and full-scale errors. 

9. Both the input address and the output codes are expressed in positive logic. 


PARAMETER 

TEST CONDITIONS 

TLC540 

TLC541 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Linearity error 

See Note 6 

±0.5 

±0.5 

LSB 

Zero error 

See Note 7 

±0.5 

±0.5 

LSB 

Full-scale error 

See Note 7 

±0.5 

±0.5 

LSB 

Total unadjusted error 

See Note 8 

±0.5 

±0.5 

LSB 

Self-test output code 

Input address = 1011 (All) 

(See Note 9) 

01111101 10000011 

(125) (131) 

01111101 10000011 

(125) (131) 


t CO nv Conversion time 


10 

19 

/IS 

*acq Channel acquisition time 


4 

4 

I/O 

clock 

cycles 

Time output data 
t v remains valid after 

I/O clockl 


10 

10 

ns 

Delay time, 1/0 clocks 
tc * to data output valid 

See Parameter 

Measurement 

Information 

200 

400 

ns 

Output access time 
t acc (delay to valid output 

after chip select^) 

1 3 

1 3 

System 

clock 

cycles 

t en Output enable time 

150 

150 

ns 

t^is Output disable time 

150 

150 

ns 

t r (bus) Data bus rise time 

300 

300 

ns 

tf(bus) Data bus fall time 

300 

300 

ns 
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TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8 BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


► 3kU 


OUTPUT 
UNDER TEST 


C L 

(SEE NOTE A) ' 


_ TEST 

"point 


OUTPUT 
UNDER TEST” 


T 


C L _ 

(SEE NOTE A) _±_ 


V CC 


-TEST POINT 


(SEE NOTE B) 



LOAD CIRCUIT FOR 

t d» ^CC' 


LOAD CIRCUIT FOR 
tpZH AND t PHZ 


LOAD CIRCUIT FOR 
tpZL AND t PLZ 



(SEE NOTE B) 


VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 


I/O 

CLOCK 


DATA 

OUTPUT 



VOLTAGE WAVEFORM FOR DELAY TIME 



V-H N- 



+1 H-*f 


VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 



NOTES: A. C L = 50 pF for TLC540 and 100 pF for TLC541 
B - = tpzH or tpZL- tdis = tPHZ or tpLZ 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is 
for an output with internal conditions such that the output is high except when disabled by the output control. 
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Data Acquisition 


TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation 

The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such 
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and 
address]. These control inputs and a TTL-compatible 3-state output are intended for serial communications 
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can 
be completed in 1 0 microseconds, while complete input-conversion-output cycles are being repeated every 
14 microseconds. With TLC541 a conversion can be completed in 19 microseconds, while complete input- 
conversion-output cycles are repeated every 35 microseconds. Furthermore, this fast conversion can be 
executed on any of 1 1 inputs or its built-in "self-test,” and in any order desired by the controlling processor. 

Though they can be operated "tied" together, the System Clock and I/O Clock are normally used 
independently, with no special phase or speed relationship to be considered. This allows integrated circuit 
operation to continue independent of serial Input/Output timing, permitting manipulation of the I/O Clock 
as desired for a wide range of software and hardware needs. 

The I/O Clock, Data Input, and Data Output are controlled by CS. It floats the 3-state output and shuts 
off signals to other control inputs while it is high. This allows any pins except pin 1 5 to share lines with 
other integrated circuits. A normal control sequence is as follows: (1) CS goes low; (2) a new positive- 
logic multiplexer address is clocked in through the address input on the first four I/O Clock rising edges 
while previous conversion results are brought out on the first seven I/O Clock falling edges. Input and output 
most-significant bits (MSB) are first, with the output MSB available at the start of the cycle; (3) the on- 
chip sample-and-hold begins sampling a newly addressed input after the 4th falling edge, and goes into 
the hold mode on the 8th falling I/O Clock edge just before conversion; (4) CS must then go high or the 
I/O Clock must remain low for at least 40 system clock cycles to allow conversion. A new address may 
then be loaded or the previous conversion results read any time CS is brought low, but it should be noted 
that any pending conversion may stop. 

The instant that the TLC540 or TLC541 holds a sample of the analog input, conversion can be determined 
under software control (or by external logic), by keeping the 8th I/O Clock cycle high. Any output data 
will have already been shifted out, and TLC540 or TLC541 will continue sampling a new analog input. 
At the desired time, the I/O Clock signal can then be lowered freezing the voltage and turning off all analog 
inputs. In this manner, signals can be sampled at precise intervals for a wide range of comparison or 
processing applications, in much the same manner as a strobe light is used to determine engine speed. 
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DATA TYPE TLC549 

ACQUISITION LinCMOSTM 8 BIT ANALOG TO-DIGITAL 

CIRCUITS PERIPHERAL WITH SERIAL CONTROL 

_ D2816, NOVEMBER 1983 

• LinCMOS™ Technology 

• 8-Bit Resolution A/D Converter 

• Differential Reference Input Voltages 

• Conversion Time . . . 19 /xs Max 

• Total Access and Conversion 
Cycles . . . 29,144 cps 

• On-Chip Software-Controllable 
Sample-and-Hold 

• Total Unadjusted Error ... ±0.5 LSB Max 

• 4-MHz Internal System Clock 

• Single 5-V Supply Operation 

• Low Power Consumption ... 6 mW Typ 

• Dual-In-Line 8-pin Package 

description 

The TLC549 is a LinCMOS™ A/D Peripheral integrated circuit built around an 8-bit switched-capacitor 
successive-approximation A/D converter. It is designed for serial interface with a microprocessor or 
peripheral through a 3-state data output and an analog input. The TLC549 uses only the Input/Output Clock 
(I/O Clock) input along with the Chip Select (CS) input for data control. The I/O Clock input frequency 
of the TLC549 is guaranteed up to 525 kilohertz. 

Operation of the TLC549 is very similar to that of the more complex TLC540 and TLC541 devices; however, 
unlike the TLC540 and TLC541, the TLC549 provides an on-chip system clock that operates typically 
at 4 megahertz and requires no external components. The on-chip system clock allows internal device 
operation to proceed independently of serial input/output data timing, permitting manipulation of the TLC549 
as desired for a wide range of software and hardware requirements. The I/O Clock together with the internal 
system clock allow high-speed data transfer and sample rates of up to 29,144 cycles per second. 

Additional TLC549 features include versatile control logic, an on-chip sample-and-hold circuit that can 
operate automatically or under processor control, and a high-speed converter with differential high- 
impedance reference voltage inputs that ease ratiometric conversion, scaling, and analog circuit isolation 
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter 
circuit allows guaranteed low-error conversion of ±0.5 least-significant bit (LSB) in less than 
19 microseconds. 

The TLC549M is characterized for operation over the full military temperature range of - 55 °C to 1 25 °C. 
The TLC549I is characterized for operation from -40 °C to 85 °C. 


P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


REF + Q 
ANALOG IN Q 
REF - C 
GND \2 


rcnr 

2 7 

3 6 

4 5 


H vcc 

U INPUT/OUTPUT CLOCK 
I] DATA OUT 

Hcs 
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Data Acquisition 


TYPE TLC549 

LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


functional block diagram 



operating sequence 


I/O 

CLOCK- 


| 1 | 2 | 3 | 4 | 5 | 6 | 7 |8 | 1 | 2 | 3 | 4 | 5 | 6 | 7 |8 

7 appccc w SAMPLE ♦ 7 * □ ' ACCESS SAMPLE w 


S ~U 


r4 — ACCESS — |n . . 
1 CYCLE B 1 1 


_ SAMPLE _ 
CYCLE B 




_ACCESS_ 
CYCLE C 


_ SAMPLE 
CYCLE C 


DATA _ 

out" 


4 PREVIOUS CONVERSION DATA A * 

MSB LSB MSB 


twH(CS) 

Hl-Z STATE 
// 




Hl-Z 

STATE 


-CONVERSION DATA B- 


ISIOTE A: The conversion cycle, which requires 40 system clock periods, is initiated with the 8th I/O clock 4- after CS 4 for the channel whose address exists 
in memory at that time. 


absolute maximum ratings over recommended operating free-air temperature range 
(unless otherwise noted) 



Supply voltage, Vcc (see Note 1) 6.5 V 

Input voltage range at any input -0.3 V to Vcc + 0.3 V 

Output voltage range -0.3 V to VqC+ 0 3 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 725 mW 

Storage temperature range . . -65°C to 150°C 

Operating free-air temperature range: TLC549M -55°Cto125°C 

TLC549I -40°C to 85 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 260 °C 


NOTES: 1 . All voltage values are with respect to the network ground terminal with the REF - and GND terminal pins connected together, unless otherwise noted. 
2. For operation above 25 °C, refer to the Dissipation Derating Tables, Section 2. 
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TYPE TLC549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


recommended operating conditions 



MIN NOM MAX 

UNIT 

Supply voltage, Vqc 

3 5 6 

V 

Positive reference voltage, Vref + (see Note 3) 

1-25 V cc V cc + 0.1 

V 

Negative reference voltage, Vref- (see Note 3) 

-0.1 0 V cc _ 1 .25 

V 

Differential reference voltage, Vref + ~ Vref- ( see Note 3) 

< 

O 

0 

< 

0 

0 

+ 

0 

V 

Analog input voltage (see Note 3) 

0 

< 

0 

0 

V 

High-level control input voltage, V|h 

2 

V 

Low-level control input voltage, V||_ 

0.8 

V 

Peak input current, l| 

10 

mA 

input/Output clock frequency, fcLK(l/0) 

0 525 

kHz 

Input/Output clock high, t w H(|/0) 

808 

ns 

Input/Output clock low, t w i_(|/0) 

808 

ns 

Input/Output clock transition time, tt(|/0) ( see Note 4) 

100 

ns 

Duration of CS input high state during conversion, t w p|(CS) 

19 

AS 

Operating free-air temperature, T/^ 

TLC549M 

-55 125 

°C 

TLC549I 

-40 85 


NOTES: 3. Analog input voltages greater than that applied to REF + convert as all ones (11111111), while input voltages less than that applied to REF - 
convert to all zeros (OOOOOOOO). For proper operation, the positive reference voltage Vref + , must be at least 1-volt greater than the negative 
reference voltage Vppp _ . In additon, unadjusted errors may increase as the differential reference voltage Vppp + - V^pp _ , falls below 4.75 volts. 
4. This is the time required for the input/output clock input signal to fall from V|r min to V||_ max or to rise from V||_ max to V|r min. 


electrical characteristics over recommended operating free-air temperature range, 
Vcc = VreF-f = 4.75 V to 5.5 V, fCLK(l/0) = 525 kHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP t 

MAX 

UNIT 

v OH 

High-level output voltage 

V CC = 4.75 V, 

*OH ~ -360 juA 

2.4 

V 

v OL 

Low-level output voltage 

V CC - 4.75 V, 

iOL = 3.2 mA 

0.4 

V 

>OZ 

Off-state (high-impedance 

v O = V CC' 

CS at V CC 

10 

V 

state) output current 

< 

O 

p 

CS at V C C 

-10 

•iH 

High-level 

input current 

Control inputs 

V| = V C C + 0.3 V 

0.005 

2.5 

aA 

l|L 

Low-level 

input current 

Control inputs 

V| = 0 

-0.005 

-2.5 

A A 

*1 (on) 

Analog channel on-state input 

Analog input at Vqc 

0.4 1 

11 A 

current, during sample cycle 

Analog input at 0 V 

-0.4 

- 1 

A M 

>cc 

Operating supply current 

CS at 0 V 

1.2 

2 

mA 

Icc + IREF Supply and reference current 

VREF+ = v cc 

1.3 

3 

mA 

Cj Input capacitance 

Analog inputs 


7 

55 

pF 

Control inputs 


5 

15 


^ All typicals are at T^ = 25 °C. 
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Data Acquisition 


TYPE TLC549 

LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


operating characteristics over recommended operating free-air temperatui£ range, 
Vqc = Vref+ = 4.75 V to 5.5 V, fCLK(l/0) = 525 kHz (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Linearity error 

See Note 5 

±0.5 

LSB 

Zero error 

See Note 6 

±0.5 

LSB 

Full-scale error 

See Note 6 

±0.5 

LSB 

Total unadjusted error 

See Note 7 

±0.5 

LSB 

t conv Conversion time 


19 

A S 

t acq Channel acquisition time 


4 

I/O 

Clock 

Cycles 

Time output data remains 
v valid after I/O clock! 


10 

ns 

Delay time, internal system 
tc * clock to data output valid 


■ 400 

ns 

Output access time (Delay to 
acc valid output after CSI) 


975 

ns 

t en Output enable time 


150 

ns 

tdjg Output disable time 


150 

ns 

t r(bus) Data bus rise time 


300 

ns 

tflbus) Data bus fall time 


300 

ns 


NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual A/D converter for zero input voltage; full-scale error is that same difference 
for full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
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DATA 

ACQUISITION 

CIRCUITS 


TYPE TLC7126 

LinCMOS™ SINGLE CHIP 3 1 /2-DIGIT LOW-POWER 
AID CONVERTER AND LCD DRIVER 

D2748, OCTOBER 1983 


• LinCMOS™ Technology 

• Zero Reading With O-V Input on All Scales 

• Precision Null Detection With True Polarity 
at Zero 

• 1 pA Typical Input Leakage Current 

• True Differential Input and Reference 

• Direct LCD Display Drive, No External 
Components Required 

• Low Noise: Less Than 1 5 Peak-to-Peak 

• On-Chip Clock and Reference 

• No Additional Active Circuits Required 

• Convenient 9-V Battery Operation With Low 
Power Dissipation, Less than 1 mW 

• Pin Compatible With the Intersil ICL7106 
and Teledyne TSC7106, Direct Replacement 
for ICL7126 and TSC7126A 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 



7C 

40 

3 

OSC1 

2 

39 

□ 

OSC2 

3 

38 

3 

OSC3 

4 

37 

3 

TEST 

5 

36 

□ 

REF HI 

6 

35 

3 

REF LO 

7 

34 

3 

Cref + 

8 

33 

3 

Cref - 

9 

32 

□ 

COMMON 

10 

31 

3 

IN HI 

11 

30 

3 

IN LO 

12 

29 

3 

AUTO ZERO 

13 

28 

3 

BUFF 

14 

27 

3 

INT 

15 

26 

□ 

V CC- 

16 

25 

3 

2G (TENS) 

17 

24 

3 

3C| 

18 

23 

3 

3AJ> 100's 

19 

22 

3 

3Gj 

20 

21 

3 

BACKPLANE 


description 

The TLC7126, operating with externally connected passive elements, is a versatile high-performance low-power 
3 1 /2-digit dual-slope-integrating analog-to-digital (A/D) converter. All the necessary active devices are contained 
on a single LinCMOS™ integrated circuit including seven-segment decoders, display drivers, backplane driver, 
reference, and clock. The device is designed to interface with a liquid-crystal display (LCD). The supply current is 
100 microamperes maximum and is suited for 9-volt battery operation. 

The TLC7126 is characterized by accuracy, versatility, and economy. Accuracy is obtained by an automatic 
compensation for zero offset to less than 1 0 microvolts, a zero-reading temperature coefficient less than 1 microvolt/ °C, 
an input bias current of 10 picoamperes maximum, and a rollover error of less than one count. Applications include 
the conversion of analog data from high-impedance sensors of pressure, temperature, light, moisture, position, and 
many others. Analog-to-digital conversion logic provides display signals for weight scales, thermometers, light-level 
indicators, and many other applications. By changing the passive components, an ICL7106 socket can be upgraded 
to TLC7126. 

The TLC7126 will be characterized for operation from 0°C to 70 °C. 
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TYPE TLC7126 

LinCMOS™ SINGLE-CHIP 3 1 /2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 
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TYPE TLC7126 

LinCMOS™ SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (Vcc + with respect to Vcc-)» VCC 15V 

Voltage range for any input except clock (see Note 1) Vcc- t0 VcC-f 

Clock input voltage range TEST to Vqc + 

Continuous total power dissipation 1000 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 260 °C 


NOTE 1 : Input voltages may exceed the supply voltages provided the input current is limited to +100 /tA. 


recommended operating conditions 



MIIM NOM MAX 

UNIT 

Vcc Supply voltage 

9 

V 

V re f Reference input voltage 

FS (full scale) = 200 mV 

100 

mV 

FS= 2 V 

1 

V 

Full-scale input voltage 

2 V ref 

V 

V| Input voltage, differential input 

V C C- + 1 V CC+ -°-5 

V 

C re f Reference capacitor 

0.1 1 

m f 

Cz Auto-zero Capacitor 

0.033 0.32 

nF 

C x Integrator Capacitor 

0.047 0.15 

,xF 

R s Integrator Resistor 

FS = 200 mV 

180 

kO 

FS = 2 V 

1.8 

Mfi 

T a Operating free-air temperature ] 

0 70 

°C 


electrical characteristics, Vcc = 9 V, f clock = 16 kHz, Ta = 25 °C (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPf MAX 

UNIT 

Common-mode rejection ratio 

V| C — ±1 v, Vj D = 0, 

FS = 200 mV 

50 

mV/V 

Peak-to-peak output noise voltage 

V| =0, FS = 200 mV 

15 

mV 

Input leakage current 

V| = 0 

1 10 

pA 

Scale factor temperature coefficient 

V| = 199 mV, T A = 0 to 70°, 

See Note 2 

1 5 

ppm/°C 

Analog common voltage (with respect to Vcc + ) 

250 kQ between COMMON and Vcc 

2.4 2.8 3.2 

V 

Temperature coefficient of analog common voltage 

250 kO between COMMON and Vcc 

35 75 

ppm/°C 

Peak-to-peak segment drive voltage (see Note 3) 


4 5 6 

V 

Peak-to-peak backplane drive voltage (see Note 3) 


4 5 6 

V 

Supply current (see Note 4) 

V| = 0 

50 100 

mA 

Power dissipation capacitance 

See Note 5 

40 

pF 


^This is the value not exceeded 95% of the time. 

NOTES: 2. This is measured using a fixed external reference voltage. 

3. Backplane drive is in phase with segment drive for a turned-off segment, 180° out of phase for a turned-on segment. Backplane frequency is 
20 times the conversion rate. The average dc component is less than 50 mV. 

4. This does not include current through the common terminal. During the auto-zero phase, current is 1 0 to 20 jtA higher. Use of a 48-kHz oscillator 
increases current by typically 8 /rA. 

5. This can be used to determine the no-load dynamic power dissipation. Pq = Cpd’Vcc^'f + *CC*^CC- 
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TYPE TLC7126 

LinCMOS™ SINGLE-CHIP 3 112-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


operating characteristics over recommended operating free-air temperature range, Vqc = 9 V 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

Zero-input digital reading 

V| = 0, FS = 200 mV 

-0.000 ±0.000 +0.000 


Ratiometric digital reading 

V| = V re f = 100 mV 

999 999/1000 1000 


Rollover error (see Note 6) 

V| _ = V| + * 200 mV 

+1 

CM 

o 

+i 

Count 

Linearity error 

FS = 200 mV or 2 V 

±0.2 ±1 

Count 

Zero-reading temperature coefficient 

V| = 0, 

T A = 0° to 70°C 

0.2 1 

*A//°C 


NOTE 6: Difference in reading for equal positive and negative reading near full scale. 


PARAMETER MEASUREMENT INFORMATION 


Vcc - 9 v 
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TYPE TLC7126 

LinCMOS™ SINGLE-CHIP 3 112-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 



PRINCIPLES OF OPERATION 


The principles of operation of the TLC7126 are similar to the combined operation of the TL500C and 
TL502C. The TLC7126 has an analog section similar to TL500C and a digital section similar to TL502C 
(see functional block diagram). Each measurement cycle is divided into three phases. The phases are auto- 
zero, integrate input, and integrate reference. 


auto-zero phase 

The cycle begins at the end of the integrate-reference phase when the digital section control logic applies 
a low-level signal to the analog section. This action initiates three switching operations: IN HI and IN LO 
signals are disconnected from the input pins and internally shorted to analog COMMON; the reference 
capacitor C re f charges to the reference voltage; and a feedback loop is connected from the comparator 
output to the integrator input. The feedback loop charges the auto-zero capacitor, Cz, to compensate for 
offset voltages in the buffer amplifier, integrator, and comparator. Since the comparator is included in the 
loop, the auto-zero accuracy is limited only by the system noise. 
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TYPE TLC7126 

LinCMOS™ SINGLE-CHIP 3 1 12-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


integrate input phase 

At the end of the auto-zero phase, the digital section control logic output goes high and operates the analog 
section switches to open the feedback loop, removes the internal short from input to COMMON, and applies 
IN HI and IN LO signals to the analog section input. The converter then integrates the differential voltage 
between IN HI and IN LO for a fixed time. This differential voltage can vary within a wide common-mode 
range (i.e., within a volt of either supply). The integrated signal polarity is determined at the end of this phase. 

integrate reference phase 

After a predetermined number of counts, the digital section operates the analog section switches to connect 
IN LO to analog COMMON and IN HI to the previously charged reference capacitor, C re f- C re f discharges 
returning the integrator output to zero. The time required for the output to return to zero is proportional 
to the differential input signal. The digital reading displayed will be 1000 V|/VreF- 

Digital-section timing may be controlled by an external RC network, crystal, or oscillator (see Figure 4). 
The clock frequency is divided by four prior to clocking the decade counters and is further divided to time 
the three phases of operation (refer to Figure 1). The timing for the three phases uses 1000 counts for 
the signal integrate phase, 0 to 2000 counts for the integrate reference phase, and 1000 to 3000 counts 
for the auto-zero phase. For digital readings of less than full count, auto-zero time gets the unused portion 
of integrate reference. This makes a full measure cycle of 4000 counts (16,000 clock pulses). For three 
readout updates per second, an oscillator frequency of 48 kilohertz is required. 

The backplane frequency is the clock divided by 800. For three readout updates per second, the backplane 
signal is a 60-hertz squarewave with a nominal amplitude of 5 volts. To turn on a segment, the segment 
drive signal must be out of phase with the backplane signal. 


test 


The test output has two possible functions. It is connected to an internal supply through a 500-ohm resistor, 
thus it can be used as the negative supply for externally generated segment drivers such as decimal points 
or any other presentation the user may want to include on the LCD display. No more than a 1 -microampere 
load should be applied. The second function is the lamp test. When TEST is pulled high (Vcc)' all segments 
are turned on displaying -1888. The TEST pin will sink about 10 milliamperes under these conditions. 




NOTE: This figure shows all three external control circuits connected: however, only one external circuit (crystal, RC network or external oscillator) is connected 
for proper operation. 


FIGURE 4-CLOCK CIRCUITS 


7-124 


, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


1 




TYPE TLC7126 

LinCMOS™ SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


external component selection guide 

The integrating resistor, Rx, should be large enough to maintain linear drive current from the buffer amplifier 
and integrator, but small enough to minimize leakage currents. For a 2-volt scale, 1 .8 megohm is near 
optimum and for the 200-millivolt full scale, a 180-kilohm resistor is correct. 

The integrating capacitor, Cx# should be selected to give the maximum voltage swing without saturation. 
For three readout updates per second (48-kilohertz clock), the nominal value for Cx is 0.047 microfarad; 
for one readout update per second (16-kilohertz clock), the nominal value is 0.15 microfarads. Capacitor 
values should be changed in inverse proportion to changes in oscillator frequency. The integrating capacitor 
should have low dielectric absorption to prevent roll-over errors. Polypropylene capacitors give undetectable 
errors at reasonable cost. At three readout updates per second, a 750-ohm resistor should be placed in 
series with Cx to compensate for comparator delay. 

The size of the auto-zero capacitor, Cz, affects the system noise. On the 200-millivolt scale, a 
0.32-microfarad capacitor is recommended. On the 2-volt scale, a 0.033-microfarad capacitor decreases 
the recovery time from overload and is adequate for noise on this scale. 

A reference capacitor, C re f, of 0.1 microfarad is suitable for most applications. If a large common-mode 
voltage exists (reference-low pin is not at the same potential as analog COMMON) and a 200-millivolt 
scale is used, a larger C re f is required to prevent roll-over error. A 1 -microfarad capacitor will usually hold 
the roll-over error to 0.5 count in this case. 

For all ranges of oscillator frequency, a 50-picofarad capacitor is recommended and the resistor is selected 
using the relationship f « 0.45/RC. 

R = 180 kilohm for a 48-kilohertz clock. The analog input voltage for a full-scale output (2000 counts) 
is V| = 2 V re f. 
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A 


A-2 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 


ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in 
the page heading regardless of package. The availability of a circuit function in a particular package is denoted by 
an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline 
drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained in the following 
example. 


062M JG 


MUST CONTAIN TWO OR THREE LETTERS 

TL Tl Linear Products (Excluding Interface) 

TLC Tl Linear Silicon-Gate CMOS Products 

SN Tl Special Function or Interface Products 

STANDARD SECOND-SOURCE PREFIXES 


ADC 

Analog Devices 

OP 

PMI 

LM 

National 

RC, RM or RV 

. . . . Raytheon 

MC 

Motorola 

SG 

Silicon General 

NE, SA, or SE. 

.... Signetics 

mA 

Fairchild 


2. /Unique Circuit Designator Including Temperature Range' 
V (If not already specified by the prefix) > 


MUST CONTAIN THREE TO SEVEN CHARACTERS 
(From Individual Data Sheets) 


Examples: 062M 

5941 
532AI 


28867 

78L05AC 


3. ^Package ) 

MUST CONTAIN ONE OR TWO LETTERS 

D, FH, FK, FN, J, JD, JG, KC, LP, LU, N, P, U, or W 
(From Pin-Connection Diagram on Individual Data Sheet) 

4. (MIL-STD-883B, Method 5004, Class &) 


OMIT/883B WHEN NOT APPLICABLE 


Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specififed by the customer 
(with possible additional costs), circuits will be shipped on the most practical carrier. 

Dual-In-Line (D, J, JD, JG, N, P) Plug-In (LP, LU) Flat (U, W) 


— Slide Magazines —Barnes Carrier —Barnes Carrier 

— A-Channel Plastic Tubing —Sectional Cardboard Box —Milton Ross Carrier 

— Barnes Carrier —Individual Cardboard Box 

— Sectioned Cardboard Box 

— Individual Cardboard Box Chip Carriers (FH, FK, FN) TO-220AB (KC) 

-Anti-Static Plastic Tubing —Sleeves 
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MECHANICAL DATA 


D plastic dual-in-line packages 

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. Leads require no additional cleaning or 
processing when used in soldered assembly. 


8-PIN D PLASTIC 



5,00 (0.197) 
4_ 4,78 (0.188) 

1 

' 

FTFI R R 

6,20 (0.244) * 

5,79 (0.228) 

8 5 


4,01 (0.158) 

3,81 (0.150) 

1 4 


± 

"ilr ,lr 


_{i4 titi 




7° NOM 
4 PLACES 


0,102 (0.004) 

0,79 (0.031) 


Spoil 


Jl°4 


- PIN SPACING 
1,27 (0.050) 



(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOT TO SCALE 


14-PIN D PLASTIC 



8,53 (0.336) '1 

T , x 

TTR R R R R.EL 

6,20 (0.244) A 

5.79 (0.228) 1 

4,01 (0.158) 

3,81 (0.150) 

± 

14 8 

1 7. 

Mr tItttti — ■ -i — n— nr 


X- 


7° NOM 
4 PLACES 


0,203 (0 008) f 
0,102 (0.004) 

0,79 (0.031) 
0,28 (0.011) " 


JL 



7° NOM 
4 PLACES 


V 




-PIN SPACING 
1,27 (0.050) 

(See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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FH and FK ceramic chip carrier packages 

Both versions of these hermetically sealed chip carrier packages have ceramic bases. The FH package is an all-ceramic 
package with a glass seal. The FK package has a three-layer base with a metal lid and braze seal. 

The packages are intended for surface mounting on solder lands on 1 ,27 (0.050) centers. Terminals require no additional 
cleaning or processing when used in soldered assembly. 

FH and FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FH AND FK CERAMIC CHIP CARRIER PACKAGES 
(28-terminal package shown) 



CERAMIC CHIP CARRIERS 


JEDEC 

OUTLINE 

DESIGNATION* 

NO. OF 
TERMINALS 

A 

MIN MAX 

B 

MIN MAX 

MS004CB 

20 

8,69 9,09 

(0.342) (0.358) 

7,80 9,09 

(0.307) (0.358) 

MS004CC 

28 

11,23 11,63 

(0.442) (0.458) 

10,31 11,63 

(0.406) (0.458) 


* All dimensions and notes for the specified JEDEC outline apply. 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


FN plastic chip carrier package 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and circuit 
performance characteristics remain stable when the devices are operated in high-humidity conditions. The packages 
are intended for surface mounting on solder lands on 1,27 (0.050) centers. Leads require no additional cleaning or 
processing when used in soldered assembly. 
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7,87 (0.310) 
7,37 (0.290) 




~J r— 

5,08 (0.200) P" 

MAX 

J 0,51 (0.020)^ I 
MIN ! 


\\ 0^ 356 (0.0 14) 3 30 ( 0 .130) 

^^ 0 , 203 ( 0 . 008 ) 


0,305 (0.012) MIN 
4 PLACES 


h 

1,27 (0.050) 
0,38 (0.015) A 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


20-PIN J CERAMIC 



@®@@©©@@@© 

A, A^r^rHl 


0,63 (0.025) R NOM- 


W\7WWW 

©©@©©© 0 ©®® 



(See Note A) 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 


ceramic dual-in-line packages — side-braze (JD) 


This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 


A 



<L 




5,1 (0.200) 
MAX 


3,05 (0.120) 
MIN 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOT TO SCALE 


NOTE A: Each pin centerline is located within 0,25 (O.OIO) of its true longitudinal position. 
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MECHANICAL DATA 


JG ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. The package 
is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). Once the leads are compressed 
and inserted, sufficient tension is provided to secure the package in the board during soldering. 


8-PIN JG CERAMIC 


10.2 (0.400) 

9.2 (0.355) ' 

© © © 


0,63 (0.025) R NOM 


7,87 (0.310) 
' 7,37 (0.290) 


1,27 (0.050) NOM 



©©©© 



1,78 (0.070) MAX 8 PLACES - 


5,08 (0.200) 
MAX 


Hr 0 - 


" 0,356 (0,014) -T 

0,203 (0.008) 3 30 (0.130) 

8 PLACES |V) | N 


,76 (0.030) MIN 
8 PLACES 


0,584 (0,023) 
0,381 (0.015) 
8 PLACES 


1,65 (0.065) 
0,38 (0.015) 
4 PLACES 


PIN SPACING 
-2,54 (0.100) T.P. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Appendix 






MECHANICAL DATA 


LP and LU plastic packages 

These packages each consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics remain 
stable when operated in high-humidity conditions. Leads require no additional cleaning or processing when used in 
soldered assembly. 



(0.017 + 0.005. -0.001 WIDE 
0.015 ± 0.001 THICK) 


Falls Within JEDEC TO-226AA Dimensions 
(TO-226AA Replaces TO-92) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 




> 

T3 

"O 

m 

3 

a 

x 


NOTE A: Lead dimensions are not controlled within this area. 
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MECHANICAL DATA 


N plastic dual-in-line package 

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. The packages are intended for insertion 
in mounting-hole rows on 7,62 (0.300) or 1 5,24 (0.600) centers (see Note A). Once the leads are compressed and 
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no additional 
cleaning or processing when used in soldered assembly. 



Falls Within JEDEC TO 1 16 and EIA MO-OOI AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



ALTERNATE SIDE VIEW 


Parts may be supplied in accordance 
with the alternate side view at the 
option of Tl plants located in Europe. 
In this case, the overall length of the 
package is 22,1 (0.870) max. 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above 
seating plane. 
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MECHANICAL DATA 


N plastic dual-in-line packages (continued) 


18-PIN N PLASTIC 



7,62 t 0,25 
“ (0.300 ± 0.010) 

"1 1 

r- 

6,99 (0.275) MAX 

2,03 (0.080) NOM 

p 

/ W 

L+, 18 PLACES 

4 

. 0,25 (0.010) NOM 

U SEATING PLANE - 

Jl* 0,279 ± 0,076 
nr (0.011 ±0.003) 


2,36 (0.093) RNOM- 
4,06 (0.160) NOM- 


-23,4 (0.920) MAX - 


©©©@©@©@@ 

A/ j j n i..Q. A.AA A A 


TJ w x? \JW 

O ©© 0®®©®0 


-1 c- 1,78 (0.070) MAX 18 PLACES 


5,08 (0.200) MAX 


3,17 (0.125) MIN ' 

1,91 (0.075) _ 


I I 




♦) L- 0,89(0.035) MIN 
1 1 18 PLACES 

0,457 ± 0,076 

(0.018 ± 0.003) 

18 PLACES 
(See Notes B and C) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 






ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 


NOTES: 


A 


A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above 
seating plane. 
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N plastic packages (continued) 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


P dual-in-line plastic package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation, and circuit performance characteristics remain 
stable when operated under high-humidity conditions. The package is intended for insertion in mounting hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Leads require no additional cleaning or processing when used in soldering 
assembly. 


8-PIIM P PLASTIC 




ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 


NOTE A: Each pin centerline is within 0,13 (0.005) radius of true position at the gauge plane with maximum material condition and unit 
installed. 
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U ceramic flat packages 

This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. Hermetic 
sealing is accomplished with glass. Leads require no additional cleaning or processing when used in soldered assembly. 



NOTES: A. Leads are within 0.005 radius of true position (TP) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 



Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


A-1 5 


Appendix 






Appendix 


MECHANICAL DATA 


W ceramic flat packages 

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap and a lead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 
in soldered assembly. 



Falls Within JEDEC MO-004AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 


16-PIN W CERAMIC ©©©©©©©© 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOT TO SCALE 


NOTES: 


A 


A. Leads are within 0,13 (0.005) radius of true position (TP) at maximum material condition. 

B. This dimension determines a zone within which all body and lead irregularities lie. 

C. Index point is provided on cap for terminal identification only. 
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TI Sales Offices 

ALABAMA: Huntsville (205) 837-7530. 

ARIZONA: Phoenix (602) 995-1007; 

Tucson (602) 624-3276. 

CALIFORNIA: Irvine (714) 660-8187; 

Sacramento (916) 929-0192; 

San Diego (619) 278-9601; 

Santa Clara (408) 980-9000; 

Torrance (213) 217-7010; 

Woodland Hills (818) 704-7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269-0074. 

FLORIDA: Ft. Lauderdale (305) 973-8502; 

Altamonte Springs (305) 260-2116; 

Tampa (813) 870-6420. 

GEORGIA: Norcross (404) 662-7900. 

ILLINOIS: Arlington Heights (312) 640-2925. 

INDIANA: Ft. Wayne (219) 424-5174; 

Indianapolis (317) 248-8555. 

IOWA: Cedar Rapids (319) 395-9550. 

MARYLAND: Baltimore (301) 944-8600. 
MASSACHUSETTS: Waltham (617) 895-9100. 

MICHIGAN: Farmington Hills (313) 553-1500; 

Grand Rapids (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: Kansas City (816) 523-2500; 

St. Louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463-9291; 

Melville (516) 454-6600; Pittsford (716) 385-6770; 
Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527-0930; 

Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 

Dayton (513) 258-3877. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Blue Bell (215) 825-9500. 

PUERTO RICO: Hato Rey (809) 753-8700 

TEXAS: Austin (512) 250-7655; 

Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496-1779. 

UTAH: Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849-1400. 

WASHINGTON: Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 785 7140. 

CANADA: Nepean, Ontario (613) 726-1970; 

Richmond Hill, Ontario (416) 884-9181; 

St. Laurent, Quebec (514) 335-8392. 

TI Regional 
Technology Centers 

CALIFORNIA: Irvine (714) 660-8140, 

Santa Clara (408) 748-2220. 

GEORGIA: Norcross (404) 662-7945. 

ILLINOIS: Arlington Heights (312) 640-2909. 
MASSACHUSETTS: Waltham (617) 895-9197. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726-1970 

Customer 
Response Center 

TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995-6611 

(8:00 a.m. - 5:00 p.m. CST) 


TI Distributors 


TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
General Radio Supply Company 
Graham Electronics 
Hall-Mark Electronics 
Kierulff Electronics 
Marshall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 

Zeus Component, Inc. (Military Only) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLY- 
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462-9332 


ALABAMA: Arrow (205) 837-6955; 

Hall-Mark (205) 837-8700; Kierulff (205) 883-6070; 
Marshall (205) 881-9235; Schweber (205) 895-0480. 

ARIZONA: Arrow (602) 968-4800; 

Hall-Mark (602) 437-1200; Kierulff (602) 437-0750; 
Marshall (602) 968-6181; Schweber (602) 997-4874; 
Wyle (602) 866-2888. 

CALIFORNIA: Los Angeles/Orange County: 

Arrow (818) 701-7500, (714) 838-5422; 

Hall-Mark (818) 716-7300, (714) 669-4700, 

(213) 217-8400; Kierulff (213) 725-0325, (714) 731-5711, 
(714) 220-6300; (818) 407-2500; 

Marshall (818) 407-0101, (818) 459-5500, 

(714) 458-5395; Schweber (818) 999-4702; 

(714) 863-0200; (213) 327-8409; Wyle (213) 322-8100, 
(818) 880-9001, (714) 863-9953; Zeus (714) 921-9000; 
Sacramento: Hall-Mark (916) 722-8600; 

Marshall (916) 635-9700; Schweber (916) 929-9732; 
Wyle (916) 638-5282; 

San Diego: Arrow (619) 565-4800; 

Hall-Mark (619) 268-1201; Kierulff (619) 278-2112; 
Marshall (619) 578-9600; Schweber (619) 450-0454; 
Wyle (619) 565-9171; 

San Francisco Bay Area: Arrow (408) 745-6600; 

(415) 487-4600; Hall-Mark (408) 946-0900; 

Kierulff (408)971-2600; Marshall (408) 942-4600; 
Schweber (408) 946-7171; Wyle (408) 727-2500; 

Zeus (408) 998-5121. 

COLORADO: Arrow (303) 696-1111; 

Hall-Mark (303) 790-1662; Kierulff (303) 790-4444; 
Marshall (303) 451-8444; Schweber (303) 799-0258; 
Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741; 

Hall-Mark (203) 269-0100; Kierulff (203) 265-1115; 
Marshall (203) 265-3822; Schweber (203) 748-7080. 

FLORIDA: Ft. Lauderdale: Arrow (305) 429-8200; 
Hall-Mark (305) 971-9280; Kierulff (305) 486-4004; 
Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: Arrow (305) 725-1480; 

Hall-Mark (305) 855-4020; Kierulff (305) 682-6923; 
Marshall (305) 841-1878; Schweber (305) 331-7555; 
Zeus (305) 365-3000; 

Tampa: Hall-Mark (813) 530-4543; 

Marshall (813) 576-1399. 

GEORGIA: Arrow (404) 449-8252; 

Hall-Mark (404) 447-8000; Kierulff (404) 447-525 2, 
Marshall (404) 923-5750; Schweber (404) 449-9170. 

ILLINOIS: Arrow (312) 397-3440; 

Hall-Mark (312) 860-3800; Kierulff (312) 250-0500; 
Marshall (312) 490-0155; Newark (312) 784-5100; 
Schweber (312) 364-3750. 


INDIANA: Indianapolis: Arrow (317) 243-9353; 
Graham (317) 634-8202; Hall-Mark (317) 872-8875; 
Marshall (317) 297-0483; 

Ft. Wayne: Graham (219) 423-3422. 

IOWA: Arrow (319) 395-7230; 

Schweber (319) 373-1417. 

KANSAS: Kansas City: Arrow (913) 541-9542; 
Hall-Mark (913) 888-4747; Marshall (913) 492-3121; 
Schweber (913) 492-2921. 

MARYLAND: Arrow (301) 995-0003; 

Hall-Mark (301) 988-9800; Kierulff (301) 840-1155; 
Marshall (301) 840-9450; Schweber (301) 840-5900; 
Zeus (301) 997-1118. 

MASSACHUSETTS: Arrow (617) 933-8130; 
Hall-Mark (617) 667-0902; Kierulff (617) 667-8331; 
Marshall (617) 658-0810; Schweber (617) 275-5100, 
(617) 657-0760; Time (617) 532-6200; 

Zeus (617) 863-8800. 

MICHIGAN: Detroit: Arrow (313) 971-8220; 

Marshall (313) 525-5850; Newark (313) 967-0600; 
Schweber (313) 525-8100; 

Grand Rapids: Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; 

Hall-Mark (612) 941-2600; Kierulff (612) 941-7500; 
Marshall (612) 559-2211; Schweber (612) 941-5280. 

MISSOURI: St. Louis: Arrow (314) 567-6888; 
Hall-Mark (314) 291-5350; Kierulff (314) 997-4956; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow (603) 668-6968; 
Schweber (603) 625-2250. 

NEW JERSEY: Arrow (201) 575-5300, 

(609) 596-8000; General Radio (609) 964-8560; 
Hall-Mark (201) 575-4415, (609) 235-1900; 

Kierulff (201) 575-6750, (609) 235-1444; 

Marshall (201) 882-0320, (609) 234-9100; 

Schweber (201) 227-7880. 

NEW MEXICO: Arrow (505) 243-4566. 

NEW YORK: Long Island: Arrow (516) 231-1000; 
Hall-Mark (516) 737-0600; Marshall (516) 273-2053; 
Schweber (516) 334-7555; Zeus (914) 937-7400. 
Rochester: Arrow (716) 427-0300; 

Marshall (716) 235-7620; Schweber (716) 424-2222. 
Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow (919) 876-3132, 

(919) 725-8711; Hall-Mark (919) 872-0712; 

Kierulff (919) 872-8410; Marshall (919) 878-9882; 
Schweber (919) 876-0000. 

OHIO: Cleveland: Arrow (216) 248-3990; 

Hall-Mark (216) 349-4632; Kierulff (216) 831-5222; 
Marshall (216) 248-1788; Schweber (216) 464-2970. 
Columbus: Arrow (614) 885-8362; 

Hall-Mark (614) 888-3313; 

Dayton: Arrow (513) 435-5563; 

Kierulff (513) 439-0045; Marshall (513) 236-8088; 
Schweber (513) 439-1800. 

OKLAHOMA: Arrow (918) 665-7700; 

Kierulff (918) 252-7537; Schweber (918) 622-8000. 

OREGON: Arrow (503) 684-1690; 

Kierulff (503) 641-9153; Wyle (503) 640-6000; 
Marshall (503) 644-5050. 

PENNSYLVANIA: Arrow (412) 856-7000, 

(215) 928-1800; General Radio (215) 922-7037; 
Schweber (215) 441-0600, (412) 782-1600. 

TEXAS: Austin: Arrow (512) 835-4180; 

Hall-Mark (512) 258-8848; Kierulff (512) 835-2090; 
Marshall (512) 837-1991; Schweber (512) 458-8253; 
Wyle (512) 834-9957; 

Dallas: Arrow (214) 380-6464; 

Hall-Mark (214) 553-4300; Kierulff (214) 840-0110; 
Marshall (214) 233-5200; Schweber (214) 661-5010; 
Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow (713) 530-4700; 

Hall-Mark (713) 781-6100; Kierulff (713) 530-7030; 
Marshall (713) 895-9200; Schweber (713) 784-3600; 
Wyle (713) 879-9953. 

UTAH: Arrow (801) 972-0404; 

Hall-Mark (801) 972-1008; Kierulff (801) 973-6913; 
Marshall (801) 485-1551; Wyle (801) 974-9953; . 

WASHINGTON: Arrow (206) 643-4800; 

Kierulff (206) 575-4420; Wyle (206) 453-8300; 
Marshall (206) 747-9100. 

WISCONSIN: Arrow (414) 792-0150; 

Hall-Mark (414) 797-7844; Kierulff (414) 784-8160; 
Marshall (414) 797-8400; Schweber (414) 784-9020. 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403)438-2858; 

Montreal: Arrow Canada (514) 735-551 1; 

Future (514) 694-7710; 
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Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 

Quebec City: Arrow Canada (418) 687-4231 
Toronto: Arrow Canada (416) 661-0220; 
Future (416) 638-4771; 

Vancouver: Future (604) 294-1166 
Winnipeg: Future (204) 339-0554 





TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 

AZ 85021, (602) 995-1007. 

CALIFORNIA: Irvine: 17891 Cartwright Rd., Irvine, 

CA 92714, (714) 660-8187; Sacramento: 1900 Point 
West Way, Suite 171, Sacramento, CA 95815, 

(916) 929-1521; San Diego: 4333 View Ridge Ave., 
Suite B„ San Diego, CA 92123, (619) 278-9601; 

Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000; Torrance: 690 Knox St., 
Torrance, CA 90502, (213) 217-7010; 

Woodland Hills: 21220 Erwin St., Woodland Hills, 

CA 91367, (818) 704-7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 

Suite 101, Aurora, CO 80012, (303) 368-8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 

CT 06492, (203) 269-0074. 

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St., 

Ft. Lauderdale, FL 33309, (305) 973-8502; 

Maitland: 2601 Maitland Center Parkway, 

Maitland, FL 32751, (305) 660-4600; 

Tampa: 5010 W. Kennedy Blvd., Suite 101, 

Tampa, FL 33609, (813) 870-6420. 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 

ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-2925. 

INDIANA: Ft. Wayne: 2020 Inwood Dr., Ft. Wayne, 

IN 46815, (219) 424-5174; 

Indianapolis: 2346 S. Lynhurst, Suite J-400, 
Indianapolis, IN 46241, (317) 248-8555. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, IA 52402, (319) 395-9550. 

MARYLAND: Baltimore: 1 Rutherford PI., 

7133 Rutherford Rd., Baltimore, MD 21207, 

(301) 944-8600. 

MASSACHUSETTS: Waltham: 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 895-9100. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hills, Ml 48018, (313) 553-1500. 

MINNESOTA: Eden Prairie: 11000 W. 78th St., 

Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: Kansas City: 8080 Ward Pkwy., Kansas 
City, MO 64114, (816) 523-2500; 

St. Louis: 11816 Borman Drive, St. Louis, 

MO 63146, (314) 569-7600. 

NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050 

NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer Dr., East 
Syracuse, NY 13057, (315) 463-9291; 

Endicott: 112 Nanticoke Ave., P.O. Box 618, Endicott, 
NY 13760, (607) 754-3900; Melville: 1 Huntington 
Quadrangle, Suite 3C10, P.O. Box 2936, Melville, 

NY 11747, (516) 454-6600; Pittsford: 2851 Clover St., 
Pittsford, NY 14534, (716) 385-6770; 

Poughkeepsie: 385 South Rd., Poughkeepsie, 

NY 12601, (914) 473-2900. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930; 
Raleigh: 2809 Highwoods Blvd., Suite 100, Raleigh, 
NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; 

Dayton: Kingsley Bldg., 4124 Linden Ave., Dayton, 
OH 45432, (513) 258-3877. 

OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Ft. Washington: 260 New York Dr., 
Ft. Washington, PA 19034, (215) 643-6450; 
Coraopolis: 420 Rouser Rd., 3 Airport Office Park, 
Coraopolis, PA 15108, (412) 771-8550. 

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg., 
Suite 505, Hato Rey, PR 00919, (809)753-8700. 

TEXAS: Austin: P.O! Box 2909, Austin, TX 78769, 
(512) 250-7655; Richardson: 1001 E. Campbell Rd., 
Richardson, TX 75080, 

(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 237, Houston, TX 77036, (713) 778-6592; 

San Antonio: 1000 Central Parkway South, 

San Antonio, TX 78232, (512) 496-1779. 

UTAH: Murray: 5201 South Green SE, Suite 200, 
Murray, UT 84107, (801) 266-8972. 

VIRGINIA: Fairfax: 2750 Prosperity, Fairfax, VA 
22031, (703) 849-1400. 

WASHINGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope, 

Suite 150, Brookfield, Wl 53005, (414) 785-7140. 

CANADA: Nepean: 301 Moodie Drive, Mallorn 
Center, Nepean, Ontario, Canada, K2H9C4, 

(613) 726-1970. Richmond Hill: 280 Centre St. E„ 
Richmond Hill L4C1B1, Ontario, Canada 
(416) 884-9181; St. Laurent: Ville St. Laurent Quebec, 
9460 Trans Canada Hwy., St. Laurent, Quebec, 
Canada H4S1R7, (514) 335-8392. 


ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos 
Aires, Argentina, 1 +394-3008. 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 

2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 

171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 

BELGIUM: Texas Instruments N.V. Belgium S.A.: 
Mercure Centre, Raketstraat 100, Rue de la Fusee, 
1130 Brussels, Belgium, 2/720.80.00. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments A/S, Mairelundvej 
46E, DK-2730 Herlev, Denmark, 2 - 91 74 00. 

FINLAND: Texas Instruments Finland OY: 
Teollisuuskatu 19D 00511 Helsinki 51, Finland, (90) 
701-3133. 

FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05, 06270 Villeneuve-Loubet, 

(93) 20-01-01; Paris Office, BP 67 8-10 Avenue 
Morane-Saulnier, 78141 Velizy-Villacoublay, 

(3) 946-97-12; Lyon Sales Office, L’Oree D’Ecully, 
Batiment B, Chemin de la Forestiere. 69130 Ecully, 
(7) 833-04-40; Strasbourg Sales Office, Le Sebastopol 
3, Quai Kleber, 67055 Strasbourg Cedex, 

(88) 22-12-66; Rennes, 23-25 Rue du Puits Mauger, 
35100 Rennes, (99) 31-54-86; Toulouse Sales Office, 
Le Peripole— 2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44-18-1 9; Marseille Sales Office, 
Noilly Paradis— 146 Rue Paradis, 13006 Marseille, 
(91) 37-25-30. 
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GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
D-8050 Freising, 8161 +80-4591; Kurfuerstendamm 
195/196, D-1000 Berlin 15, 30 + 882-7365; III, Hagen 
43/Kibbelstrasse, .19, D-4300 Essen, 201-24250; 
Frankfurter Allee 6-8, D-6236 Eschborm 1, 

06196 + 8070; Hamburgerstrasse 11, D-2000 Hamburg 
76, 040 + 220-1154, Kirchhorsterstrasse 2, D-3000 
Hannover 51, 511 +648021; Maybachstrabe 11, 

D-7302 Ostfildern 2-Nelingen, 711 +547001; 

Mixikoring 19, D-2000 Hamburg 60, 40 + 637 + 0061; 
Postfach 1309, Roonstrasse 16, D-5400 Koblenz, 

261 +35044. 

HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 

Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722-1223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire, 

1 831311. 

ITALY: Texas Instruments Semiconduttori Italia Spa: 
Viale Delle Scienze, 1, 02015 Cittaducale (Rieti), 

Italy, 746 694.1; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6 + 9003241; Viale 
Europa, 38-44, 20093 Cologno Monzese (Milano), 

2 2532541; Corso Svizzera, 185, 10100 Torino, Italy, 

11 774545; Via J. Barozzi 6, 40100 Bologna, Italy, 51 
355851. 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 
Fuji Bldg., 6-12, Kita Aoyama 3-Chome, Minato-ku, 
Tokyo, Japan 107, 3-498-2111; Osaka Branch, 5F, 
Nissho Iwai Bldg., 30 Imabashi 3- Chome, 

Higashi-ku, Osaka, Japan 541, 06-204-1881; Nagoya 
Branch, 7F Daini Toyota West Bldg., 10-27, Meieki 
4-Chome, Nakamura-ku Nagoya, Japan 
450, 52-583-8691. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 
Samon Bldg., Yuksam-Dong, Gangnam-ku, 

135 Seoul, Korea, 2 + 462-8001. 

MEXICO: Texas Instruments de Mexico S.A.: Mexico 
City, AV Reforma No. 450 — 10th Floor, Mexico, 

D.F., 06600, 5 + 514-3003. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 

NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box 12995, (Bullewijk) 1100 CB Amsterdam, 
Zuid-Oost, Holland 20 + 5602911. 

NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 131, Oslo 1, Norway, (2) 155090. 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th 
Floor, Ba- Lepanto Bldg., 8747 Paseo de Roxas, 
Makati, Metro Manila, Philippines, 2 + 8188987. 

PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico 
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Asia Ltd.: 12 Lorong 
Bakar Batu, Unit 01-02, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747-2255. 

SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No. 6, Madrid 16, 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): Box 39103, 10054 
Stockholm, Sweden, 8 - 235480. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 

1-740 2220. 

TAIWAN: Texas Instruments Supply Co.: Room 903, 
205 Tun Hwan Rd., 71 Sung-Kiang Road, Taipei, 
Taiwan, Republic of China, 2 + 521-9321. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61 +442-7162. 
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